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ABSTRACT

Brauchla, Mary C. Ph.D., Purdue University, August 2015. Effects of High Protein and
High Fiber Breakfasts on Preschoolers’ Feelings of Fullness, Diet Quality and Memory.
Major Professors: Wayne Campbell and Sibylle Kranz.

Breakfast consumption has been associated with better diet quality and academic
performance in school-age children and adolescents, but there is a gap in research for
preschool children. Study 1 (Chapter 2) evaluated whether preschool-age children would
be willing and able to use a novel tool to report their feelings of fullness so that future
research could have a measure of appetite self-reported in this population. Children (n =
59) were read a story about feelings of fullness then reported their own feelings of
fullness before and after an eating occasion for five days utilizing a pictorial tool, which
included two questions designed to rate the children’s feelings of fullness on a four-point
scale. Intake during the eating occasion was estimated by research staff using the Diet
Observation for Child Care (DOCC), in which trained research staff visually estimate
intake of food and beverages. Children consistently reported greater feelings of fullness
post-meal compared to pre-meal (p < 0.05) on days 2-4. These results indicate that
preschoolers are willing to use a pictorial scale to self-report feelings of fullness;
however, feelings of fullness was not correlated with intake so it is unknown whether
children can discern between each of the four fullness responses.
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The second study (Chapters 3 and 4) was designed to assess the effects of a high
protein and/or high fiber breakfast on preschoolers’ feelings of fullness, diet quality and
memory. We hypothesized that children would report greater fullness following the high
protein and high fiber meals, followed by the high protein meals and high fiber meals
with the least amount of fullness following the usual breakfast. Children (n = 41) 4-5
years old were recruited from two local Head Start Centers. Children were asked to
consume a breakfast high in protein, fiber or both for one week each with a week
washout in between in a crossover design. Intake and outcomes following these
interventions were compared to the usual breakfast provided at the preschool, which
served as a control. Intake was again measured using the DOCC method while diet
quality was calculated for the school day on Wednesday of each week. Diet quality was
assessed using the Revised Children’s Diet Quality Index (RC-DQI) and memory was
assessed using the novel object test (NOT), a game that asks children to remember the
names of made-up novel objects.
Children consumed less energy at the intervention breakfasts (p = 0.01) but
apparently compensated by consuming more energy at other eating occasions by the end
of the school day. Feelings of fullness among breakfast types did not differ at the postbreakfast or pre-lunch time points. Intervention breakfasts were successful in increasing
fiber intake (p < 0.05) but not protein intake, although the high-protein and high-fiber
breakfasts resulted in better diet quality (p = 0.03). However, information on diet quality
was only based on one day and did not include food and drink consumed outside the
preschool, so further research is warranted.

xii
We hypothesized that children would have the best scores on the memory test
following this high protein and high fiber breakfast. The NOT was conducted before
lunch on Thursdays of each week. Children were taught the names of four novel objects
then asked if they could identify the object by name. Each correct answer was scored as
one, with a maximum of four points. There were no learning or tiring effects for NOT
scores over the course of the intervention and usual breakfast weeks. Breakfast type,
nutrient/energy intake, and fullness reports had no association with scores on the NOT.
These findings suggest that breakfast content may not be associated with memory in
preschool children who habitually consume breakfast, but further testing must be done
with other memory assessments.
Providing breakfasts high in fiber resulted in greater fiber intakes while providing
breakfasts higher in protein did not alter protein intake. Children reported similar feelings
of fullness after each breakfast type, but consumed less energy at the high protein and/or
high fiber breakfasts compared to the usual breakfast provided by the preschool. Diet
quality was higher for the school day for the high protein breakfast and high fiber
breakfast compared to the usual breakfast. There was no difference in memory scores
among the four breakfast types. These data suggest that increasing fiber intake may result
in similar feelings of fullness with less energy intake in this population, but conclusions
cannot be made about the effects of higher protein intake as the children did not consume
significantly more protein during the intervention breakfasts. Diet quality scores were
higher for the high protein breakfast condition and high fiber breakfast condition but not
the combined high protein & high fiber condition, which was largely due to the
difference in scores for the whole grains and iron components. Memory scores did not

xiii
differ between breakfast conditions, but children did not increase their protein intake
during the breakfast for any of these conditions, and although fiber intake was higher it
was a modest increase. Providing breakfasts with higher protein content may not increase
protein intake, while providing breakfasts with higher fiber content can increase fiber
intake. To our knowledge, this is the first study designed to evaluate the effects of
increased protein and fiber at breakfast on memory in this population, but data were only
collected for one day so further research is necessary.
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CHAPTER 1 INTRODUCTION

1.1 Childhood obesity in the United States
Obesity is the result of a chronic imbalance of energy intake and energy
expenditure. Obesity is classified by body mass index (BMI), which is classified as
height (m) / weight (kg)2. An individual is considered obese if he/she has a BMI of
equal/above 30.0 for adults [1] or equal/above 95th percentile for age and sex for children
[2]. Worldwide, obesity rates continue to grow, especially in developing countries [3]. In
America, the prevalence of obesity began to rise in the late 1970’s and currently one-third
of adults living in the United States are obese [4]. However, rates in American children
ages 2-19 have remained near 17% since 2003-2004 and obesity in children ages 2-5
years old has declined during this time [4]. Obesity prevalence varies by state with the
highest rates in children seen in the Southeast and all states having at least 5.1% of
children classified as obese (Figure 1.1).
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Figure 1.1 Percentage of obese children: 2011 by State [5]

Childhood obesity prevalence rises with age and varies widely among parents’
education level, racial group and socio-economic status (SES). While the obesity
prevalence of American children 2-19 is 16.9%, lower rates are seen in younger children
[6]. Only 8.4% of children 2-5 years of age are classified as obese while 6-11 year olds
and 12-19 year olds have obesity rates of 17.7% and 20.5%, respectively [6]. Overall,
obesity prevalence in Non-Hispanic Asian 2-19 year olds is the lowest at 8.6% while
obesity rates are highest in Hispanic children at 22.4%, with obesity rates of NonHispanic white and Non-Hispanic black children in between [6]. Children whose head of
household have not completed high school have twice the prevalence of obesity as
children whose head of household has completed college [7]. There is also an inverse
relationship between the prevalence of obesity in young children and family income: 14.2%
of children 2-5 years old from families with incomes less than or equal to 50% of the
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poverty level are obese compared to an obesity prevalence of 11.8% in children from
families with incomes 151-181% of the poverty level [4].

1.2 Childhood obesity and disease risk
Obesity in children and adults results in other metabolic changes leading to
increased risk of several chronic diseases, including cardiovascular disease and Type II
Diabetes Mellitus, as well as psychological problems [8]. Obesity results in increased
adipose tissue, increased blood volume and preload to the heart as well as higher levels of
inflammation, placing greater metabolic stress on the body [9, 10]. Increased weight and
adipose tissue also result in insulin resistance (IR), a condition in which the fat, muscle
and liver cells can’t use insulin effectively to produce the necessary glucose response and
overworked beta-cells cannot produce enough insulin to induce the proper glucose
response [10].
1.2.1 Cardiovascular risk
Weight status in childhood and adolescence is strongly associated with early
atherosclerosis (i.e., hardening of the arteries) and obesity-related cardiovascular disease
(CVD) later in life [11]. One predictor of cardiovascular disease is metabolic syndrome,
which is not a disease itself but a series of risk factors associated with CVD [12].
Although there are no standardized criterion for metabolic syndrome in children, factors
include hypertension, large waist circumference (WC), high serum triglycerides (TG),
hyperglycemia and low high-density lipoprotein cholesterol (HDL-c) [13]. Dyslipidemia,
which includes high triglycerides, high cholesterol and/or elevated low-density
lipoprotein cholesterol (LDL-c) is also used as a sign of cardiovascular risk.
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Obesity during childhood is related to cardiovascular risk factors later in life.
Those in the highest quartile for WC at ages 7-15 were five to six times more likely to
have metabolic syndrome at 26-36 years of age [14]. Lipid profiles are also affected by
weight in childhood: overweight adolescents who become overweight adults had 2.4
greater prevalence of high LDL-c, 3 times greater prevalence of high triglycerides, and 8
times greater prevalence of low HDL-c levels than lean individuals [15]. Dyslipidemia is
also common in obese children with a prevalence of just below 50% of children [16], and
in 50% of cases childhood dyslipidemia will track into adulthood [17]. Even modest
weight loss in overweight and obese children with dyslipidemia can decrease TG and
increase HDL-c levels [18, 19]. High blood pressure is consistently associated with
obesity and is one of the most common risk factors seen in children [20]. In addition, data
suggest that BMI and blood pressure are related throughout late childhood and early
adulthood, with associations found between the two at 9, 12, 15, 18 and 26 years of age
[21].
Cardiac structure and function are also affected by obesity, especially in the
presence of high blood pressure. Left atrial and left ventricular dimensions are greater in
obese children compared to those of children with normal BMI [22, 23]. Obesity in
childhood is also associated with arterial endothelial dysfunction, a state where the
vasodilating and vasoconstriction actions produced by and acting on the endothelium are
not balanced [24, 25].
1.2.3 Type II Diabetes
Type 2 Diabetes is caused by several factors, including insulin resistance and beta
cell dysfunction. Type 2 Diabetes develops when the body cannot produce enough insulin
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to compensate for the impaired ability to use insulin. Symptoms of Type 2 Diabetes can
develop slowly and may be subtle, resulting in many people with Type 2 Diabetes
remaining undiagnosed for years.
Although Type 2 Diabetes was originally considered an adult disease the
prevalence is increasing in children, with an increase of 30.5% in American youth from
2001 and 2009 [26-28]. Over 85% of children and adolescents are overweight or obese
when diagnosed with Type II Diabetes [29, 30]. Prevalence of the disease varies by
ethnic group, with American Indians having the highest prevalence in the United States
[26, 31].
Weight status in early childhood affects diabetes risk in later life as greater BMI
at age 5 is associated with an increased risk of diabetes at age 21 [32]. Waist
circumference changes were also associated with changes in insulin concentrations in
obese children after a weight loss camp [33]. In addition, subcutaneous fat is positively
associated with homeostasis model assessment (HOMA), a measure of insulin resistance
[34].
1.2.3 Other chronic diseases
Obesity in childhood has also been linked to asthma and psychological illnesses.
Children with higher BMI and waist circumference are more likely to have persistent
asthma [35, 36], and obese children who lose weight have improvements in their asthma
symptoms [37]. These benefits may be due to increased proinflammatory marker tumor
necrosis factor (TNF-α) [38]. TNF-α concentrations correlate with total fat mass and so
are elevated in obese individuals and individuals with asthma [39]. Its function is to
increase T helper type 2 cytokines and other proinflammatory cytokines, and this
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inflammatory pathway is parallel in obesity and asthma [40]; however, additional
research in this area is needed.
In addition, obesity is associated with psychiatric disorders. In a group of Dutch
adolescents, obese girls and boys were more likely to be classified as “psychologically
unhealthy”, had more suicidal thoughts and more suicide attempts compared to lean
adolescents [41]. Depression is often reported in obese youth, and data from one study
suggests that over half of a 30 person sample of obese adolescents qualified as depressed
according to criteria from the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) [42]. Children who are obese are also more likely to be victimized and bullied
than their lean peers [43, 44].

1.3 Improving weight status
Overweight and obesity are the result of a chronically greater influx of energy
compared to smaller energy expenditure. Therefore, weight status can be improved by a)
reducing energy intake, b) increasing energy expenditure, or c) both.
The effects of exercise-only interventions on body weight and health in obese
children and adolescents are variable. Exercise interventions have reduced the prevalence
of obesity and improve markers of cardiovascular risk factors and insulin resistance in
children in some studies, although beneficial effects may not be seen for months [45, 46].
Some researchers have reported benefits in weight, triglycerides and fasting glucose [47]
as well as cardiovascular risk factors [48], while others reported no differences [49, 50].
In addition, a recent meta-analysis reported no differences in school-based exercise
interventions on BMI, body weight and blood pressure [51]. These inconsistent results
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are likely due to differences in the study designs: there are a wide range of exercise
programs that may be used, and children and adolescents may be asked to exercise for
different durations with varying intensity and activities may include aerobic exercise,
resistance training or both [51-53].
Interventions involving a dietary component alone have also resulted in weight
loss and improved markers of cardiovascular disease [54]. As young children cannot
comprehend the information given to adults for nutrition education alternate methods
must be used. One popular approach for nutrition intervention in children is the ‘Traffic
Light’ model, in which children are educated on a color-coding system for foods based
on their energy content: ‘red’ foods are high in energy and should be eaten rarely, ‘yellow’
foods are lower in energy and may be eaten in moderation while ‘green’ foods are low in
energy and should be eaten daily (i.e., fruits and vegetables) [55]. However, interventions
with nutrition education alone are not always successful in changing intake or behavior
[55, 56].
Some researchers have compared the effects of diet-only and exercise only
interventions in obese children and adolescents, and some data suggest that diet alone
may be more successful in decreasing BMI and LDL-c or fasting glucose than exercise
alone [57, 58], although other studies found both types of interventions equally effective
in decreasing BMI and reducing risk factors for cardiovascular disease and Type II
Diabetes [49, 59]. However, it must be noted that at follow-up 6-12 months after the
intervention participants in both the diet and exercise-only groups had regained their
weight in the majority of these studies [49, 57, 59].
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Combined diet and exercise interventions are considered more effective than
either alone, and beneficial results from these interventions may be seen in as little as one
month [60]. A weight loss camp intervention involving energy restriction and exercise
resulted in decreases in BMI, fat mass and waist circumference as well as beneficial
effects on several risk factors associated with obesity, including LDL-c, HDL-c, HOMA
and TG in obese adolescents [33]. Outpatient interventions can also result in vast
improvements: obese children on a strict exercise regimen and attending diet counseling
decreased their BMI by 19 kg and their LDL-c by 7 mg/dL after 5 months [61]. These
benefits may persist long after the intervention, as obese children and adolescents who
completed an outpatient 3-month nutrition and exercise intervention had lower BMI and
body fat percentage at the conclusion of the study and one year later compared to controls
[62].

1.4 Appetite
Energy intake is strongly influenced by appetite. Appetite can be defined as the
“sensations that promote food ingestion or rejection” [63] and motivation to eat is
assessed through many constructs, including hunger, fullness, desire to eat, etc. [63].
Appetite is often divided into three categories: satiation, satiety and hunger. Hunger will
promote the start of an eating occasion, during which feelings of satiation, which
determines meal duration and size, will eventually overcome hunger, leading to cessation
of eating [63]. Feelings of satiety will then dictate the duration until the next eating
occasion [63].
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1.4.1 Measuring Appetite
Biomarkers for components of appetite have been evaluated [64], but subjective
measures obtained from the individual are used most often are considered a field standard
[65]. The standard in measuring appetite is use of a visual analogue scale (VAS), a line
drawn with a completely negative state at one end and completely positive state at the
other end (Figure 1.2). Individuals will make a mark on the line based on how they feel
when answering the following seven questions: “How hungry are you right now? How
strong is your desire to eat right now? How much could you eat right now? How full are
you right now? How strong is your desire to consume something sweet right now? How
strong is your desire to consume something savory right now? How thirsty are you right
now?” [63]. After making a mark on the VAS that corresponds to the individual’s
feelings, the researcher will measure the distance from the end of the scale to the mark to
obtain a number for that appetite component.

Not at

Extremely

all hungry

hungry

Figure 1.2 Visual Analogue Scale

VAS scales require understanding that is beyond young children; therefore other
methods must be substituted. Many studies on children’s eating behaviors rely on parent
reports. Perhaps the most comprehensive method utilized is the Children’s Eating
Behavior Questionnaire (CEBQ), a parent-report of children’s eating behavior that
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includes eight scales focusing on response to environmental food cues, slowness of eating,
desire to drink, the ability to reduce food intake after eating, food fussiness and emotional
overeating/under eating [66, 67]. While the CEBQ has good internal consistency,
construct validity [67] and has been tested in different languages [66, 68], it relies on
second-hand accounts. Ideally, information would be obtained directly from the children
themselves but this is difficult when working with young children who cannot
comprehend these constructs.
However, there are some tools designed for self-report of appetite components by
young children. The first was designed by Faith et al. and utilizes pictorial silhouettes for
children 4-6 years old to report their feelings of fullness [69]. This tool was tested in an
imaginary eating situation and children reported differences between the satiety condition
(largest amount of food) and the other two conditions (hunger and partial satiety),
although no difference was found between the hunger and partial satiety conditions.
However, this tool was not tested in a real eating occasion so how these silhouettes
correspond to the children’s true feelings of fullness is unknown.
Another method was designed for children 4-5 years old to rate their fullness on a
wider range of responses than the five silhouettes given in the previous study [70]. This
tool was a doll in which children could manipulate the stomach to be smaller or larger;
the size of the doll’s stomach could then be measured, similar to a VAS, to obtain the
amount of fullness that the child was feeling. This tool was also tested for imagined
eating occasions and most of the children were successful in reporting that larger food
portions would result in larger feelings of fullness. Several children did make errors in
this task, although some estimates were only off by 10-20 mm. This tool assumes that
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children have not only the fine motor skills to manipulate the size of the stomach but can
also perceive very small differences in size.
The last method was developed for a slighter older population including 5-8 yearold children. This tool was an extension of the work of Faith et al. [69] and included five
silhouettes of teddy bears with stomachs filled with different amounts of circles
representing food [71]. Children were read a story about the teddy bear and asked to rate
his fullness before and after a meal. Most children could correctly respond that the teddy
bear’s fullness would increase following a meal and when asked about their own fullness
feeling before and after lunch then 5-7 year olds rated their post-lunch fullness feeling as
greater than their pre-lunch fullness. There was also a strong positive correlation in
fullness ratings and energy intake at an ad libitum snack in 6-9 year olds, indicating that
children could discern differences between each of the five silhouettes and relate them to
their feeling of fullness.
This research provides new information on tools that children would be willing
and able to use to report their feeling of fullness. However, the first two methods in
particular required extensive training [69, 70], which is not always feasible. Minimizing
training time is key in developing a tool that can be used in a wide range of settings,
including nutrition research, schools, and pediatrician visits.

1.5 Increasing feelings of fullness
One possible way of decreasing excess energy intake is to increase feelings of
fullness. Protein, which is generally considered the most satiating macronutrient, and
fiber, which increases the food volume and can slow dispersion of digestive enzymes and
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nutrient absorption, are known for their satiating properties [72, 73]. While there is a
large body of research evaluating the effects of these nutrients on appetite in adults, data
with preschool-age children are limited.
1.5.1 Fiber
Fiber was classified as an “underconsumed nutrient of public health concern” by
the 2010 Dietary Guidelines Advisory Committee as intake levels for Americans were far
below the adequate intake (AI) amounts [74]. However, the issue of which
recommendations to follow and whether these recommendations are appropriate for
children is still unresolved. Current fiber intake recommendations are extrapolated from
adult data [75-77], and fiber recommendations for 4-5 year old children range from the
American Academy of Pediatrics recommendation of ‘age + 5 grams’ [78], which would
be 9-10 grams for this age group, to the AI of 25 grams/day [79]. According to data from
the National Health and Nutrition Examination Survey (NHANES), a nationally
representative sample of American children and adults, fiber consumption is well below
recommendations for all ages and genders compared the AI, which is the
recommendation more commonly used [80]. The most current nationally representative
data suggest that fiber density (grams of fiber/1000 kilocalories) is 7.5 for 2-5 year-old
males and 8.1 for 2-5 year-old girls [80], while average fiber intake for 2-5 year-old lowincome children is only 11 grams [81].
Fiber refers to the indigestible parts of plants and may be classified generally as
soluble or insoluble. Soluble fibers, including inulin, pectins, gums, and fructooligosaccharides, dissolve when exposed to water and increase viscosity of digesta,
thereby slowing dispersion of digestive enzymes and nutrient absorption. Insoluble fibers
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include cellulose, hemicellulose, lignin and resistant starch, and do not dissolve in water
but increase stool bulk by pulling water into the stool.
In the mouth, fiber can increase chewing time resulting in increased saliva
secretion [82]. In the stomach, viscous fibers, will thicken or form gels when exposed to
liquid [83], which will increase stomach distension and activate stretch receptors. Fiber
may slow gastric emptying which would result in increased feelings of fullness [84, 85].
Once in the duodenum, fiber can stimulate release of cholecystokinin (CCK), [86, 87]
which is a neurotransmitter and peptide hormone that acts on pancreatic enzyme secretion
and gut motility. Increases in dietary fiber intake are to correlate with increased levels of
adiponectin, which has anti-inflammatory and insulin-sensitizing properties [88]. In
addition, fiber may also play a role in mediating ghrelin response, although these data are
inconsistent [89]; this action may be related to the increase in short-chain fatty acids
(SCFA) and/or decrease of free fatty acids in the colon [88]. In the distal bowel β-glucan,
a viscous fiber, can stimulate the release of Peptide tyrosine-tyrosine (PYY) which is an
anorexigenic hormone that is hydrolyzed and travels to the brain to act on NPY Y2
receptors in the arcuate hypothalamic nucleus as well as influencing the “ileal and
colonic brakes” [90-92].
Resistant starch and nonstarch polysaccharides can be fermented into SCFA by
colonic microflora, which in turn affects absorption of water and electrolytes [93, 94].
SCFAs are moderately strong acids; therefore, production of SCFAs results in a drop in
pH leading to lower solubility of bile acids and greater absorption of calcium magnesium,
zinc, and iron [95, 96]. Short-chain fatty acids also contribute to fecal weight and bulk
and increase water retention [97].

14
Soluble fibers, β-glucan and psyllium in particular, have been studied for their
effects on glucose and insulin response. The glucose response to foods containing these
fibers is attenuated when compared to foods without fiber, causing a smaller increase in
glucose and insulin after a meal even among diabetic subjects [98, 99]. These effects may
be due to several mechanisms: 1) fiber has been shown to slow glucose absorption; 2)
fiber is associated with adiponectin, which has insulin-sensitizing properties; and, 3) fiber
is thought to stimulate GLP-1 secretion, which is associated with the “ileal brake”, and in
turn delays gastric emptying and glucagon secretion and stimulates insulin biosynthesis
and secretion [88, 100].
Due to the effects of fiber on bile acids, fiber has been considered as an additional
treatment to reduce cholesterol. In particular, oat bran with β-glucan has been shown to
increase bile acid excretion and bile acid synthesis and decrease cholesterol absorption
[101, 102]. The exact mechanism underlying these phenomena are unknown, but may be
due to the β-glucan surrounding the micelles in the small bowel [101].
Although there are many hypotheses for mechanisms underlying fiber’s effects on
satiety and satiation, research in this area is conflicting. Addition of fiber does not
consistently result in increased satiety/satiation, although this may be due to utilizing
fibers with different properties, including viscosity, fermentability, and/or solubility [83,
96]. In addition, methods of supplementation can also affect both satiety and hormone
response [103]. Little data on fiber and appetite are available for young children, so
results from older children and adults will be reviewed.
Some research suggests that increasing fiber can result in higher feelings of
satiety, even when consumed habitually. For example, adults who consumed whole grain
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rye porridge (20g fiber) for breakfast for three weeks reported higher feelings of satiety,
lower feelings of hunger and lower desire to eat for the next four hours [104]. Results
from another study suggest that consumption of a supplement containing 10g of pectin
resulted in greater feelings of satiety and decreased daily energy intake compared to a
non-fiber control [105]. However, these results are not consistent. Participants in a recent
double-blind trial with two high fiber breads (10-12g fiber) compared to a low fiber
control reported no differences in satiety ratings among the three foods [106]. Adults who
consumed a barley hot cereal (12g fiber), whole wheat hot cereal (5g fiber) or refined rice
hot cereal (1g fiber) had no differences in feelings of fullness but did report less hunger
after the barley cereal, with no differences in intake at the subsequent meal [107].
1.5.2 Protein
Protein intake is adequate for the majority of the population, including young
children. Children ages 4-5 years should consume 10-30% of their energy from protein,
with the minimum being 13-19 grams [79]. The most current nationally representative
data suggest that protein density (grams of protein/1000 kilocalories) is 35.2 for 2-5 yearold males and 35.3 for 2-5 year-old girls [80], while protein provides on average 14% of
the total energy in 2-5 year-old males and females, with carbohydrate and fat providing
55-56% and 32%, respectively [108]. The vast majority of low income preschool-age
children meet protein recommendations, with only 1.1% failing to meet them [81].
Dietary protein is comprised of amino acids and provides 4 kcal/g. Of the three
macronutrients, protein is generally considered to be the most satiating. Dietary protein
can be from a variety of sources including muscle proteins, milk proteins, egg proteins,
and plant proteins.
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Proteins are first sensed by taste receptors in the mouth. These tastes can be
perceived as umami, sweet, bitter or sour. Taste sensing is partially mediated by Gprotein coupled receptors, T1R and T2R, which are also present in the gut. Ligand
binding to the T2Rs results in the release of CCK while binding to the T1Rs can stimulate
release of GLP-1 and Gastric Inhibitory Polypeptide (GIP). In addition, T2R binding may
also result in decreased gastric emptying [109].
Proteins are denatured in response to the low pH of the stomach and are
hydrolyzed by proteinases such as pepsin and trypsin. The length of time proteins are
exposed to these proteinases is determined by the rate of gastric emptying, which in turn
is influenced by gut hormones released in response to many factors, one of which is
protein in the small intestine. However, different protein sources have different effects on
gastric emptying. For example, whey and soy proteins are soluble so they pass quickly
through the stomach and are then digested by pancreatic enzymes while casein
precipitates in the stomach where it is hydrolyzed [110]. Peptides can be further
hydrolyzed by peptidases in the pancreatic secretions to small peptides that are digested
by brush-border peptidases at the surface of the epithelial cells to produce free, di-, triand oligo-amino acids or be absorbed in the small intestine.
The presence of protein-rich chyme in the duodenum stimulates the release of
CCK, which inhibits gastric emptying [73, 111]. This is due to the action of trypsin, an
enzyme which degrades duodenal CCK-releasing factor (CRF) and cleaves bonds
between arginine and lysine: an increase in targets of trypsin results in decreased
degradation of CRF. Research on the effect of protein on ghrelin has yielded inconsistent
results, and more research is needed to better understand its effects [112-114]. Release of
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PYY is also stimulated by the presence of protein, although it is unclear if the rise in
PYY is greater or less than the rise seen after ingestion of other macronutrients [115, 116].
Protein may also influence GLP-1 and gastric inhibitory peptide (GIP) through
stimulation of β cells by amino acids [117]. However, release of these hormones may be
affected by the concentration of protein, with a protein threshold to attain maximum
hormone response [118].
In the large intestine, the peptides and other protein-derived components impact
the composition of the microbiota [119]. However, the mechanisms behind these
interactions are unknown, but one hypothesis relates them to distal gut peptides,
including PYY and GLP-1 [120].
As in fiber and satiety research, there is little information on the effects of protein
on appetite in young children. Only one study has been published to my knowledge and
results suggest that preschoolers will consume less energy when served a high protein
lunch and continue to consume less at snack that afternoon compared to a high
carbohydrate lunch condition [121], but no appetite measures were taken. However, adult
data strongly suggest that protein is associated with stronger satiety than carbohydrate or
fat [122].
1.5.3 Combined effects
Fiber and protein mediate satiety/satiation through many of the same mechanisms;
therefore, the combined effects of both fiber and protein should be greater than the effect
of either alone. However, there may be a ‘ceiling effect’ for stimulation of these
hormones (CCK, PYY, etc.) that could limit the combined effects of protein and fiber on
satiety.
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Few studies have been conducted that compare the combined effects of fiber and
protein to the individual effects of each on measures of satiety in humans. A study by
Burley et al. assessed the effects of 2 meals using chicken or a high protein/high fiber
meat replacement (Mycoprotein). No differences were seen during the meal, but the high
protein/high fiber meal did decrease satiety [123]. A later study evaluating effects of
Mycoprotein, tofu and chicken on satiation and found greater satiation after mycoprotein
and tofu compared to chicken, with no changes in satiety [124]. However, the fiber
differences in these foods were very small (6.5g, 3.2g and 3.1 respectively), and more
fiber may be needed to induce changes.
Conflicting information on the satiating effects of meals high in fiber and protein
warrants further study. While protein and fiber mediate their effects on satiety/satiation
through many of the same mechanisms, little data are available on how combining these
would affect hormone regulation and gastric emptying. Therefore, further study is needed
to ascertain how combining fiber and protein will affect satiation and how the combined
effect of these nutrients is different from the effect of each nutrient individually. In
addition, little is known on the effects of these nutrients on feelings of satiation and
satiety in young children, making this population an excellent target for this type of
research.

1.6 Factors affecting food intake in children
Energy intake is not determined solely by appetite: if this were the case,
individuals would not have the weight gains that cause overweight and obesity. If
appetite was the exclusive determinant of energy intake individuals would not take in
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more or less energy than their body needed. Children’s regulation of food intake is
complex and highly influenced by various environmental, social and psychological
factors [125], therefore, other factors affecting intake, and consequently, weight status, in
children must be examined.
1.6.1 Development of eating patterns
Eating patterns, which include timing and duration of eating occasions as well as
the types of foods and beverages consumed, begin to develop during infancy [126].
Breastfeeding helps infants develop internal hunger and satiation cues in order to acquire
self-regulatory eating behaviors [126]. In addition, the flavors in the breastmilk are
influenced by the mother’s diet, so infants can become accustomed to novel flavors (16).
This flavoring of the milk is particularly important as infants will have an inherent
preference for sweet or salty tastes, and repeated introduction of other tastes will promote
acceptance of these flavors when they are experienced in solid food [127-129]. Therefore,
infants who are breastfed and have experienced these varied flavors may be more
accepting of novel foods [130]. However, these data are not conclusive as the study
designs varied in outcome measures used to assess children’s preferences.
By the end of the first year children will have transitioned to solid foods. Children
maintain their preference of sweet and salty foods and often reject bitter and sour foods
during this time [131]. In addition, children are wary of new foods (food neophobia) and
may refuse to eat them, preferring foods that are familiar [132]. However, children can
learn to like and accept new foods through repeated exposure [133]. Some research has
indicated that new foods must be sampled 10-15 times before the child will accept the
food, but other research suggests this number may be lower [132, 134]. Children’s intake
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is strongly associated with food neophobia and children with high food neophobia are
likely to have decreased vegetable intake, a smaller variation of food in their diet, and a
less healthy diet overall [135].
1.6.2 Environmental, social and psychological factors
Development of food preferences is highly affected by parents: depending on what
foods parents choose to serve and what foods parents model eating for the child [136],
and although food neophobia is often seen in young children repeated exposure to novel
foods can increase acceptance [129]. The foods adults prefer are also influenced by
childhood experiences as adults who had repeated exposure to a food during childhood
will tend to like that food, even if the food was disliked during childhood [137].
Parental feeding practices can lead to poor diet and health consequences for their
children [138]. For example, a parent concerned about intake of unhealthy foods may
greatly restrict the child’s access to highly-palatable, high energy foods, leading to
excessive consumption when those foods become available [139, 140]. Children who
grow up with restricted feeding models have a decreased ability to self-regulate intake,
which can lead to excessive weight gain through childhood and adolescence [139, 140].
Parents who use unhealthy foods as a reward for consuming healthy foods may decrease
their children’s preference for the healthy foods [141]. Employing an authoritarian model
of feeding, in which the parent determines what and how much the child will eat
regardless of the child’s appetite, can result in picky eating and overeating, promoting
excessive weight gain [142]. Conversely, an authoritative feeding model, in which the
parent allows the child to regulate intake based on eating cues, can promote healthier
eating and behavior, including better diet and physical activity levels [143].
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Parental nutrition knowledge may also play a role in children’s diets although
maternal knowledge is likely a more significant factor than paternal knowledge. A recent
review reported that higher fruit and vegetable intake was associated with the mother’s
nutrition knowledge in four out of eight studies, although the father’s nutrition
knowledge was only associated with diet in one of the six studies [144]. In addition,
another study conducted in 5-6 year old children and their parents suggests that although
parents’ education level and SES affected children’s food knowledge, parent’s nutrition
knowledge was actually a stronger predictor [145].
As in adults, portion size also influences intake in young children [146, 147].
Research assessing the effect of portion size in children is conducted in one of two ways:
a larger portion can be served with child-size dishes, or the portion size appearance can
be manipulated by utilizing larger serving plates, bowls and utensils. Children will selfserve a larger portion when using adult-sized dishes, although it is not clear if this is due
to a lack of recognition of the larger portion size or a difficulty in spooning a smaller
amount than was held in the spoon [148]. Children who take larger portions are also
likely to eat more at the meal [149, 150], although these results are not consistent [151,
152]. In addition, when children are served large portions at all eating occasions for one
day the children will consume more food and calories over the course of the day [153].
Social factors also affect intake in young children, and these factors may vary by
weight status. Modeling is one social determinant of intake and young children who see
adults consuming fruits, vegetables and milk and likely to eat more of these foods [154].
The diets consumed by peers is also a factor and children who see their peers consuming
vegetables are more likely to eat their own vegetables [155]. However, adult pressuring
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of children to consume more fruits and vegetables can results in decreased consumption
of both foods [156].
However, social influences on food intake can vary between overweight/obese
and lean children. For example, overweight children will consume more when they are
alone compared to eating in a group while lean children will eat more or a similar amount
when part of a group compared to eating alone [157, 158]. Children who are overweight
will also eat more when they eat with other overweight children compared to eating with
lean children [159]. Food choice is also affected by what a peer is eating, as overweight
children will eat more healthy snacks when in the presence of a peer who is eating these
foods [158]. Motivation for these changes are likely due in part to the stigma overweight
and obese children experience and their desire to avoid being stigmatized by their peers
[160].
Food reinforcement and reward sensitivity also affect intake in both children and
adults, with those who are overweight/obese placing a higher reinforcing value on food
[161, 162]. Food reinforcement refers to how hard or how much an individual is willing
to work in order to obtain food [163]. Children 3-5 years old who had higher BMI scores
were more likely to work harder to obtain graham crackers and had higher overall reward
sensitivity as reported by their parents [164]. These two factors may predispose
individuals towards weight gain as individuals with these traits will find food more
reinforcing and have greater motivation to seek food [165], although additional research
in this area is still needed. These differences may be an underlying factor in the varying
responses of children in response to food seen by weight status. For example, obese
children 8-12 years old eat a similar amount whether they are served a meal with or
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without a preload, while lean children will compensate for the preload and eat less at the
following meal [166].

1.7 Diet quality
Food intake cannot be assessed simply by evaluating one or two nutrients
individually; rather, it is complex and foods and nutrients must be evaluated together
rather than in isolation. Diet quality indices were created to provide an overall
interpretation of the healthfulness of an individual’s diet based on food group and
nutrient intakes. Each diet quality method includes component scores based on how well
the individual’s diet adheres to nutrient guidelines for their age and gender [167].
Currently, there are many options for calculating diet quality depending on what nutrients
and population are of interest [168].
Perhaps the most widely used tool is the Healthy Eating Index (HEI). The HEI
comprises twelve components that are scored on a 0-5 or 0-10 scale with 0 being the
worst and 5/10 meeting recommendations based on the 2010 Dietary Guidelines [169].
There are nine components assessing adequate intake (foods/nutrients to be encouraged)
including total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy,
total protein foods, seafood and plant proteins and fatty acids, with three components for
foods/nutrients that should be consumed in moderation including refined grains, sodium
and empty calories. With the exception of fatty acids, all components are evaluated as a
part of the energy density (per 1000 kcal, or over total energy) of the total diet, and a
percentage of the total possible points is given depending on how closely intake aligns
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with recommendations on a linear trend. The tool was originally devised specifically for
adults [170], but was later adapted for children and adolescents [171].
The Revised Children’s Quality Index (RC-DQI) is another diet quality measure
developed for children that was a modification of the original Diet Quality Index (DQI),
which was created in 1994 for children two
years and older and contained eight components [172, 173]. The RC-DQI calculates
scores from 0 to a maximum of 2.5-10 for twelve nutritional components and one
component for sedentary behavior (Table 1). Intakes in excess of recommendations for
linoleic acid, linolenic acid, DHA and EPA, total grains, whole grains, fruit, vegetables
and dairy is calculated as actual intake divided by recommended intake multiplied by the
maximum score for that component. Overconsumption was calculated as the percentage
deviation from recommendations for added sugar, total fat, linoleic acid, linolenic acid,
DHA and EPA, juice and dairy. The last component evaluates sedentary behavior in
children, and children receive the maximum points if they have less than one hour of
screen time (television, computer) for the day.
The components of the RC-DQI were chosen based on specific intake needs of
children. For example, the 2010 Dietary Guidelines recommend decreasing intake of
added sugars, which are a source of empty calories and intake is associated with higher
BMI and perhaps higher triglycerides [174-176]. In addition, juice is often viewed as a
healthy option by parents but overconsumption leads to greater intake of calories with
few nutritional benefits [177]. Iron is also a key nutrient for young children as it is affects
neuron myelination and dopamine metabolism, and deficits in early childhood can result
in impaired motor skills and mental development [178]. Decosahexaenoic acid (DHA) is
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Table 1.1 RC-DQI component scores [172]
Scoring Criteria
RC-DQI Component

Score

Added sugarbc

10
5.0-9.9
<5.0
5
2.5-4.9
<2.5
5
2.5-4.9
<2.5
2.5
1.25-2.49
<1.25
2.5
1.25-2.49
<1.25
5
2.5-4.9
<2.5
5
2.5-4.9
<2.5
10
5.0-9.9
<5.0
10
5.0-9.9
<5.0
10
5.0-9.9
<5.0
10
5.0-9.9
<5.0
10
5
0
10
5.0-9.9
<5.0
0-49
50-59
60-69
70-79
80-89
90-95

Fatbc
Linoleic acid (18_2)bc
Linolenic acid (18_3)bc
DHAd and EPAbce
Total grainsfg
Whole grainsfg
Fruitfg
Vegetablefg
Excess juicecf
Dairycfg
Ironh
Television and energy intake in
Total points

Age 2 y
(n=1,051)

Age 3 y
(n=1,754)

%

Age 4 y
(n=1,782)

Age 5 y
(n=850)

10% of total energy intake
30%-40%

25%-35%
5%-10%
0.6%-1.2%

10% of a-linolenic acid
3 oz

4 oz

1.5 oz

2 oz
1c

1c

1.5 c
6 oz
2-3 c

2:7.0 mg/d
3.0-6.9 mg/d
<3.0 mg/d

2:10.0 mg/d
4.1-9.9 mg/d
<4.1 mg/d

Population
25
25
50
58
42
0
41
3
56
24
70
6
90
5
5
85
13
1
5
18
77
48
24
28
36
34
30
67
10
23
27
53
20
76
23
1
5
17
78
8
26
39
22
4
1

26
Table 1.1 RC-DQI component scores (cont)
a

RC-DQI=Revised Children’s Diet Quality Index.
In percent of total energy.
Overconsumption: (maximum points-[actual intake/ideal intake*100]%), lowest possible score: zero points.
d
DHA=docosahexaenoic acid.
e
EPA=eicosapentaenoic acid.
f
In Food Guide Pyramid servings (corrected for fruits and vegetables).
g
Underconsumption: maximum points-(actual intake/ideal intakex100)%.
h
Categorical variable based on less than Estimated Average Requirement (EAR)=0 pts, between EAR and Recommended Dietary Allowance (RDA)=5 pts, or meets
RDA=10 pts.
i
:::1 hour television time combined with ideal energy intake range: Scoring scheme for television time: 10 points if :::1 hour, (10-[100-actual television timex100]%) if
>1 hour/day.
Scoring scheme for Estimated Energy Requirement (EER): 10 points if total kcal consumed were 2:0.9xlowest point of EER range and :::1.1xhighest point of EER range,
zero points
if energy intakes <0.9xEER resulted in scores calculated with the underconsumption formula and intakes above 1.1xEER in the overconsumption formula (see
footnotes c and g).
EER ranges: 965-1,180 kcal/d in 2-year-old girls, 1,008-1,232 kcal/d in 2-year-old boys; 972-1,188 kcal/d in 3-year-old girls, 1,046-1,278 kcal/d in 3-year-old boys; 1,0201,246 kcal/d
in 4-year-old girls, 1,094-1,337 kcal/d in 4-year-old boys; 1,070-1,308 kcal/d in 5-year-old girls, 1,148-1,403 kcal/d in 5-year-old boys.
b
c

vital for brain development and normal cognitive development in infants and children
[179]. Dairy is important for bone health as it provides calcium that is easily absorbed by
the body, increasing bone mineral content (BMC) [180]; increasing dairy intake is also
associated with improve linear growth in developing countries [181].
The HEI and RC-DQI have only been compared in one study. Kranz et al. used
NHANES 2003-2005 to compare the five components that were included in both: fruits,
vegetables, total grains, whole grains and milk/dairy [182]. Correlations between RCDQI and HEI scores for each of the five components were significant, although the
distribution of scores was different between the two methods. The RC-DQI sorted fewer
children in the extreme categories for all components except whole grains when
compared to the HEI. The HEI also allotted 0 total points to 12% of the sample, while the
RC-DQI scores were greater than 0 for all children due to the different ways the
deviations from recommendations are scored for each index. These data suggest the RCDQI may provide greater differentiation between intakes.
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1.8 Breakfast and Academic Performance
Breakfast consumption has been identified as a marker of school achievement and
diet quality in children and adolescents, but these data are not consistent across
populations, measures of cognition, and breakfast content [183]. Understanding these
varying results requires a discussion of other factors that affect school performance and
learning, the numerous components of cognition, and the differences among study
designs.
1.8.1 Factors affecting academic performance
Children’s performance during the preschool years is associated with later
academic achievement. In a representative sample of American, Chinese, and Japanese
students’ school performance during the first grade was strongly associated with
performance ten years later [184]. Reading abilities also track from first grade through
high school [185]. Mathematics abilities are perhaps the strongest indicator of later
academic achievement and children’s math abilities in kindergarten is associated with
their performance in third grade [186] and high school [187].
School readiness, which can be defined as “possessing the skills, knowledge, and
attitudes necessary for success in school and for later learning and life,” [188] is affected
by behavioral factors [189]. For example, engagement skills during kindergarten are
associated with better math performance in fourth grade [190]. Children with better selfregulation skills at the start of kindergarten have higher achievement through the year and
improvements in self-regulation are associated with higher math but not reading
performance [191], although data from another study suggest that gains in self-regulation
during preschool are associated with improvements in vocabulary, reading, and math
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performance [192]. A combination measure of preschool children’s emotion regulation,
attentiveness, and persistence at the beginning of kindergarten predicts math and reading
skills at first, third, and fifth grade [193]
Family income is also a predictor of children’s school performance. Measures of
cognition are consistently associated with family SES, with those from lower SES
families having lower scores [184]. Children from low SES families are likely to be less
prepared to enter kindergarten than those from higher SES families [194]. One striking
example of this gap is the difference in vocabulary: by the time children from low SES
families are two years old significant differences can be observed in their vocabularies
[195] and by three years old children from welfare-eligible families have only half the
vocabulary size of children from high SES families [196]. Unfortunately, these gaps in
achievement do not disappear as the children grow, but remain through elementary and
high school [187, 197]. It is unlikely that these difference in performance are due to
genetics, as children from low SES families who were adopted into high SES families
scored better on IQ tests than non-adopted children from low SES families [198].
Sleep can also have a great effect on factors contributing to academic
performance [199]. Sleep itself is essential for retaining new information [200]; poor
sleep in elementary school children is associated with decreased performance on tests of
verbal working memory [201], perceptual reasoning, and overall IQ [202]. Data from
individuals who shortened their usual sleep periods suggest that decreased sleep results in
lower academic performance [203], and a reduction of only an hour can result in a
decline of memory function and reaction time in elementary school children, although no
other differences in neurobehavioral functioning were found [204]. However, it should be
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noted that the individual’s motivation to perform well in school and intelligence may
offset some of the effects of reduced sleep [205].
1.8.2 Effect of breakfast on measures of cognition
Few preschoolers habitually skip breakfast but the incidence of breakfast skipping
increase as children age, with 20-30% of adolescents habitually skipping breakfast [206].
Breakfast currently provides 21% and 19% of total energy in 2-5 year-old males and
females, respectively [207]. Children 2-5 years of age consumed 20% of their total
protein and 19-22% of their total dietary fiber at this meal [207].
While there is no universal definition of ‘cognition’ it is generally used as a term
that includes processes that encompass knowledge and comprehension. These processes
include attention, memory, thinking, problem solving skills, and other abilities that
influence learning. It is unlikely that a specific nutrient or type of breakfast will influence
all of these measures, which may account for part of the variability in results in this
research.
Breakfast consumption has been associated with academic benefits including
better school and cognitive performance on certain tasks [208, 209] as well as improved
markers of health, such as fewer markers of cardiovascular risk and lower rate of
overweight/obesity [210, 211]. However, the majority of this research does not evaluate
the effects of breakfast nutrient content [183], a factor that may account for much of the
variation in results.
While much of this research compares breakfast consumption to a non-breakfast
condition there have been some studies designed to evaluate effects of different types of
breakfast (e.g., ready-to-eat cereals) and/or nutrient content of breakfast on measures of
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cognition. When children consumed cereal with milk they had better scores on measures
of attention and episodic memory and less decline in performance over the morning
compared to following consumption of a glucose drink or skipping breakfast [212]. In
another study, children 6-8 years old performed better on tasks of spatial memory and
auditory attention after consuming oatmeal compared to skipping breakfast but
consumption of ready-to-eat cereal did not increase performance [213].
This research was conducted in older children with little information about the
effects on young children. What little data exist for younger children suggest a beneficial
effect: kindergarteners who eat breakfast regularly score higher on IQ tests [214], but
additional research is needed in this area.
In addition, there are many different methods for evaluating measures of
cognition. In older children computerized tests such as CogState are often used to assess
memory, attention, and other factors that affect learning [215-217]. However, these tests
are too advanced for younger children so other measures, including the Stroop test,
Flankder Fish task and others must be substituted [218]. It should also be noted that while
elementary school children and adolescents are able to test for an extended period of time,
preschool children do not have the attention span to allow for long testing periods.
Therefore, testing measures of cognition in this population must be limited to quick,
simple tasks, often presented as a game, and are normally limited to testing one cognition
measure at a time. One test used to assess short term memory in young children is the
novel objects test (NOT), which involves teaching the names of made-up objects to a
child and later asking if they can match the name with the object in a ‘game’ setting [219,
220].
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1.8.3 Biological Mechanisms
Perhaps the most consistent research on breakfast and measures of cognition
focuses on effect of glycemic load of the meal [183]. This consistency may be due to the
differences in sleep needs and glucose utilization in children. Previous research suggests
that young children have a much higher brain glucose metabolism, with children 4-10
years old utilizing glucose at twice the rate of adults [221]. In addition, children require
longer periods of sleep, resulting in longer overnight fasting periods [222]. This higher
glucose metabolism combined with longer fasting duration leaves children more
vulnerable to the effects of skipping breakfast compared to adults, so breakfasts
providing a sustained release of glucose may be beneficial in this population. Glucose is
also thought to improve memory through its increased uptake by the brain and eventually
glucose-mediated synthesis of achetylcholine (Ach) [223]. Fiber has been shown to
mediate glucose response and can be used to slow glucose absorption [224], making it an
excellent candidate for improving performance in measures of cognition.
The exact reason behind cognitive benefits from sustained release of glucose is
unknown. The most obvious answer would be that some areas of the brain utilize large
amounts of glucose, resulting in a localized energy decrease leading to altered cognitive
function. However, this mechanism is unlikely due to the stable levels of extracellular
glucose, which remain at 20-30% of blood glucose levels [225]. In addition, data from
human and animal studies suggest that the dose-dependent effects of glucose on memory
have a threshold value [225], which would not be true if better performance on memory
tests were the result of providing additional glucose to deficient areas. Another possible
theory is the lack of glucose receptors (GLUT1) at the blood brain barrier, leading to
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lower amounts of glucose entering the brain that are not enough for its energy needs. This
theory is also unlikely due to the manner in which glucose enters the brain and changes in
GLUT1 observed in other conditions. Glucose crosses the blood brain barrier though
endothelial cells, which have a smaller number of glucose transporters (GLUT1) on the
vascular side compared to the brain side, creating a gradient for glucose to enter the brain
[226]. GLUT1 amounts and distribution are affected by physiological factors, as seen
following chronic hypoglycemia when overall GLUT1 proteins increase with a
disproportionally larger increase on the vascular side of the endothelial cells [227]. Since
the distribution and amount of GLUT1 can be altered to increase glucose transport, it is
unlikely changes in memory following low-GI meals are the result of suboptimal
amounts of glucose entering the brain. It is possible that the effects of glucose may be
due to actions on the periphery at the vagus nerve but results from these studies are
inconsistent and involve populations with impaired brain function (depression, epilepsy,
etc.) and must be further explored [228].
Macronutrient content may also affect memory. In a study by Kaplan et. al., 22
adults were asked to consume an isocaloric drink of protein, carbohydrate or fat
compared to a placebo drink that contained no energy [229]. All three of the tested drinks
improved performance in memory (tested with delayed paragraph recall), but only protein
lessened the rate of forgetting 15 minutes after reading the paragraph. This is particularly
interesting as participants remembered more during delayed recall than they did at the
immediate recall time point after consuming the protein beverage. However, the
mechanism underlying this effect has not yet been elucidated.
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1.9 Target population
1.9.1 Early intervention
Eating patterns and habits are established in early childhood [230, 231]. Overweight,
obesity, and extreme obesity are seen as early as the preschool years [232], as are the risk
factors for disease associated with obesity [233], which means early intervention is
critical. Overweight and obese children are more likely to be overweight and obese
through adolescence and adulthood [230, 234-236]. Eating behaviors including food
responsiveness (”eating in response to environmental cues” [66]) and satiety
responsiveness (”ability of a child to reduce food intake after eating to regulate its energy
intake” [66]), at four years of age are also correlated between behaviors at ten years old
[237].
Socioeconomic status during childhood is associated with health outcomes in later
life [238, 239]. Low income individuals are more likely to have poor diet quality, with
lower intakes of fruits, vegetables, and whole grains compared to those of higher SES
[240]. Data from Australian children 2-16 years old suggest that children of high SES
have better diets and health behaviors compared to those of lower SES: for example, as
parental education level increased children were more likely to have higher fruit intake,
lower intake of energy-dense drinks, and decreased television viewing time [241].
Children’s diet patterns also track to adulthood [230] and adolescent diets are a
significant predictor of adult diets [242]. Childhood diet patterns are also associated with
risk factors of cardiovascular disease and were similar from childhood to adulthood [243].
Diet quality during childhood is associated with weight status later in life, with children
consuming energy-dense, high fat and low fiber diets having a higher risk of obesity as
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adults [244]. Preschool-age children who habitually consumed breakfast are more likely
to have a better diet quality and lower BMI compared to preschool children who skip
breakfast [245] and low-income overweight children who improve their diet quality will
likely have improved BMI scores [246].
1.9.2 Low-income populations
Children from low income families have disproportionally higher prevalence of
obesity: 14.2% of children 2-5 years old from families with incomes less than or equal to
50% of the poverty level are obese compared to an obesity prevalence of 11.8% in
children from families with incomes 151-181% of the poverty level [4], making them an
ideal population for nutrition interventions to prevent and treat obesity. However,
collecting data from low-income families can be difficult.
Response rates from low-income individuals are often lower than those of higher
SES, due to many factors including but not limited to lack of housing, telephone service,
or not speaking the language of the interviewer [247]. Mailing surveys to potential
participants is a low-cost method to obtaining information, but low responses in this
population render this a less effective method, although increasing monetary benefits can
improve response rates [248, 249]. Collecting data via telephone is also challenging, as a
high number of call attempts may be needed before reaching the individual for the first
time [250] and telephone numbers may change or be disconnected during the study,
leading to greater numbers lost to follow-up [251]. The method most likely to result in
the highest response is in-person interviews but these are costly in time for data collection
and training for research staff [247]. While each of these problems can be addressed to
increase response rates, the ability of the researcher to implement these strategies is
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dependent on their budget, approval from their Institutional Review Board and schedule
for completion of the research.
1.9.3 School-based interventions
Schools are likely the most influential institutions during the first two decades of
life and have been identified as an important setting for interventions to prevent
overweight and obesity by the Institute of Medicine [252, 253]. School-based
interventions are uniquely able to capture large groups of children and adolescents for
both short- and long-term programs and are able to offer classes on nutrition and healthy
eating behaviors. In addition, any intervention targeted to improve nutrition, weight status
or learning should be focused on young children rather than elementary school children
or adolescents as these are likely to remain similar from early childhood through later life.
At least 60% of children under the age of six in the United States will spend time
in care outside the household [254]. Young children attending childcare centers should be
obtaining one-half to two-thirds of nutrient and energy requirements from the centers
[255], making them an excellent target for altering intake in this population.
All preschools that receive federal funding are required to adhere to guidelines
under the Child and Adult Care Feeding Program for all meals [256]. While these
guidelines provide some instruction on feeding in preschool centers, they are very broad
and only include information on food groups that must be served and the minimum
amount that must be provided (Table 1.2). There are no instructions on macro- or
micronutrient content or additional guidance on types of foods which can lead to high
variability in foods served among preschools depending on how the guidelines are
interpreted.
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Table 1.2 Child Care Meal Pattern for 3-5 year-old children following the Child and
Adult Care Food Program (CACFP) [256]
Milk

Grains/bread

Fruit

Vegetable

(1%)
Breakfast 3/4
cup

Meat/Meat
Alternative

1 of the following:

½ cup of

½ cup of

½ slice bread

fruit OR

fruit OR

½ serving of

vegetables

vegetables

(including

(including

biscuit/roll/muffin

¼ cup cold dry cereal 100%

100%

¼ cup hot cooked

juice)

juice)

N/A

cereal
¼ cup
pasta/noodles/grains
Lunch

3/4

1 of the following:

½ cup of

½ cup of

1 of the

cup

½ slice bread

fruit

vegetables

following:

½ serving of

(including

(including

1.5 oz

100%

100%

meat/poultry/fish

¼ cup cold dry cereal juice)

juice)

or alt protein

biscuit/roll/muffin

¼ cup hot cooked

product

cereal

1.5 oz cheese

¼ cup

¾ egg

pasta/noodles/grains

3/8 cup cooked
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Table 1.2 Child Care Meal Pattern for 3-5 year-old children following the Child and
Adult Care Food Program (CACFP) (cont)
Milk

Lunch

Grains/bread

Fruit

Vegetable

Meat/Meat

(1%)

Alternative

3/4

dry beans/peas

cup

3 Tbsp peanut or
other nut/seed
butters
¾ oz nuts/seeds
6 oz yogurt

Snack

½

1 of the following:

½ cup of

½ cup of

1 of the

cup

½ slice bread

fruit OR

fruit OR

following:

½ serving of

vegetables

vegetables

½ oz

(including

(including

meat/poultry/fish

biscuit/roll/muffin

¼ cup cold dry cereal 100%

100%

or alt protein

¼ cup hot cooked

juice)

product

juice)

cereal

½ oz cheese

¼ cup

½ egg

pasta/noodles/grains

1/8 cup cooked
dry beans/peas
1 Tbsp peanut or
other nut/seed
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Table 1.2 Child Care Meal Pattern for 3-5 year-old children following the Child and
Adult Care Food Program (CACFP) (cont)
Milk

Grains/bread

Fruit

Vegetable

(1%)

Meat/Meat
Alternative
butters

Snack

½ oz nuts/seeds
2 oz yogurt

1.10 Conclusions
Generally, consuming breakfast is associated with better school performance,
measures of cognition and diet and weight status. However, the majority of this research
has been with school-age children and adolescents and little information is available for
preschool children. There are many reasons for this gap in knowledge, including
difficulty in measuring appetite components in this population, food neophobia and a
short attention span that limits tests of measures of cognition. Each of these issues can be
overcome, however, and must be in order to provide appropriate nutrition intervention at
a life stage when dietary and weight patterns are being established.

1.11 Purpose of research
While many factors affect energy intake, increasing feelings of fullness may be
one method in decreasing excess energy intake. Two nutrients known to promote feelings
of fullness are fiber and protein, although their effects have rarely been evaluated
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together. Research evaluating effects of protein and fiber on appetite ratings were
conducted in school-age children, adolescents and adults, but little is known about their
effects on appetite of preschoolers.
Due to the lack of tools to assess appetite components in preschool-age children
little research has been conducted on factors influencing appetite in this population.
While previous research has started this process, there is still room for improvement so
that the tool will be accurate and can be used quickly enough to be utilized in a variety of
settings, from nutrition research to pediatrician visits.
Children from low-income families are disproportionally affected by obesity and
are likely to have more markers of poor diet quality compared to children from higher
SES families. Since diet and eating behaviors track from childhood to adulthood,
nutrition interventions should be targeted early so that healthy habits may be developed
and sustained through later life. School performance and reading and math skills also
track from early childhood through adolescence; therefore, early childhood is an
appropriate target for nutrition interventions that may also increase academic
performance.
This research was conducted with 3 aims: first, to assess the acceptability and
usefulness of a novel pictorial tool to allow 4-5 year-olds to report their feelings of
fullness; second, to evaluate the effects of high protein, high fiber, and combined high
protein/high fiber breakfasts on 4-5 year-olds’ feelings of fullness and diet quality, and;
third, to assess the effects of high protein, high fiber and combined high protein/high
fiber breakfasts on 4-5 year-olds’ short-term memory.
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Abstract
Documenting how young children perceive their appetite is important in
understanding their ingestive behaviors and to help them to develop healthy eating
practices; however, the existing tools for assessing indices of appetite are inadequate
for young children. This study was conducted to test a pictorial representation for 4-5
year-old children to report their feelings of fullness. Fifty-nine children from ten
classrooms of local preschools were recruited for a week-long study. The first day
was used as an ‘acclimation day’ for children to become accustomed to research staff.
On this day, children were read a short story about feelings of fullness to introduce
the concept of fullness. Study participants then reported their feelings of fullness
before and after an eating occasion for five days utilizing a pictorial tool, which
included two questions designed to rate the children’s feelings of fullness on a fourpoint scale. During the snack/meal the participants’ food and beverage intakes were
recorded by study staff. Results are reported as perceived fullness before and after the
eating occasion. Children consistently reported significantly greater feelings of
fullness post-meal compared to pre-meal (p<0.05) from day 2 through day 4.These
results indicate that preschoolers are willing to use a pictorial scale to self-report
feelings of fullness. With additional development and validation, this tool has the
potential to fill a gap in the nutrition field and provide researchers and nutritionists
with an index of fullness in preschool-age children.
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Introduction
The prevalence of obesity in preschool-age children has risen from 7% in
1988 to 12% in 2013 [257, 258]. As obesity is the result of an energy imbalance,
modifying energy intake is a viable approach to decrease the prevalence of childhood
obesity. One practice that can decrease energy intake is consuming foods and
beverages that result in greater feelings of satiation and satiety [72, 259]. Satiation
refers to feelings that will increase during an eating occasion and eventually cause an
end to that eating occasion while satiety refers to the feelings initiated at the end of
the eating occasion and lasting continuing through the intermeal period [63]. For
young children, satiation is often described as ‘fullness’ after a meal or snack and
satiety feelings of fullness persisting after eating up to the next eating occasion.
Feelings of fullness and hunger determine satiation and satiety and influence intake in
different ways: ways: hunger influences eating frequency while fullness influences
meal size and duration.
Satiety Responsiveness in Adults
Research on satiety and satiation has primarily focused on adults, which is
likely due in part, to the difficulties of measuring these feelings in young children. In
adults, satiation and satiety are commonly reported with a visual analogue scale
(VAS), a valid, reproducible method in which participants mark their feelings of
hunger, fullness, and desire to eat along a straight line with one end of the line
reflecting ‘not hungry’ and the other ‘extremely hungry’ [260, 261]. The participant’s
response is marked to show the distance from an end-point, reflecting the degree of
agreement. However, this task may not be developmental appropriate for a preschool-
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age child because serration/ordering is a skills that develops in most children between
4 and 5 years of age. Children are able to compare amounts at a younger age;
therefore, a comparison approach may be more developmentally appropriate.
Currently, there are no self-reported data on satiety and satiation from preschool-age
children. Researchers and nutritionists therefore depend on information from parental
reports.
Satiety Responsiveness in Young Children
Results from parent-report studies [262, 263] suggest that both preschool-age
and preadolescent children who are overweight and obese have decreased satiety
responses compared to children of average weight. Consistent with these findings are
data indicating that satiety responsiveness tracks from preschool to pre-adolescence,
with parents reporting that four year-olds who were less responsive according to the
Child Eating Behavior Questionnaire were continuing to be less responsive at the age
of ten [237]. This suggests those with less responsiveness early in life would have
altered responsiveness throughout their childhood years. Lower satiety
responsiveness may lead to increased energy intake and consequent increased body
weight. Children who are overweight and obese are more likely to remain so through
adolescence and adulthood [264, 265]; therefore, it is vital that children maintain a
healthy weight throughout their childhood years.
Current Study
When designing this study there were two options for preschool children to report on
their feelings of fullness and hunger: a silhouette scale and an analog scale made into
a puppet. Both portrayed stomachs of different sizes [69, 70]. Both methods require

44
the child to comprehend ideas that may be beyond his/her understanding. For
example, utilizing the silhouette scale requires the child to distinguish among five
levels of fullness/hunger while the use of the puppet requires the child to equate
height with the size of their stomach, a concept which required extensive training
beforehand to perform in this age group [266]. In addition, all ratings were limited to
imaginary eating events and were not tested and compared with actual intake.
However, each of these methods was accepted and used by children and can be
employed as a foundation for future research. By reducing the complexity of these
methods to the level of a preschool population, a new tool could be developed to
provide an accurate and reliable measure of fullness without the additional training
necessitated by the complexity of the previous tools.
This study was designed to test a two-question pictorial representation tool for
4-5 year-old children to self-report their feelings of fullness. This tool was based on
previous child research [69]: the original tool portrayed five silhouettes with
stomachs filled with different amounts and children had several training sessions to
comprehend the difference between them. Previous work suggests that distinguishing
between five items without additional training is beyond the capabilities of this
population [69, 266], so the tool was reworked. Instead of five silhouettes the new
tool has only two (Figure 2.1) which this age group can distinguish from one another
[266]. However, an additional question “Do you feel really empty/full, or a little
empty/full?” was added to create a four point Likert scale as this was the maximum
amount of information that could be obtained from this population without several
sessions of additional training. This new tool would require minimal training and be
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quick enough to be used as part of a nutrition assessment with a pediatrician or
nutrition researcher.
Method
This study was a week-long pilot test of a survey designed for 4-5 year-old
children to report their feelings of fullness. Children were recruited through ten
classrooms from six local preschools and parents of eligible children were provided a
flyer and consent form for the study. Parents who chose to enroll their children
returned the signed consent forms to the teachers. Participants were given a small toy
as compensation at the end of the study. This study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all procedures involving
human subjects were approved by the Institutional Review Board of Purdue
University. Written informed consent was obtained from all parents of participants
and verbal assent was obtained from the participants themselves and was witnessed
and recorded.
All study procedures were conducted in the classroom with the teachers and
non-participating children present. Teachers chose to have the study during lunch or
snack depending on the schedule of activities. All preschools’ schedules included a
morning snack at 9 AM, lunch between 11:30 AM and 12 noon followed by naptime
and then afternoon snack at 2:30 PM. On the first day of the study, all children in the
classroom listened to a short story about the differences between having an ‘empty
tummy’ compared to having a ‘full tummy’ which lasted approximately five minutes.
This story introduced the idea of an ‘empty vs full tummy’, and feelings that were
associated with these two states. The contents of the story were designed to be
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interactive and children were asked how their tummy felt when it was empty and full
with teachers prompting the children with the answers if needed. These more general
questions were followed by examples of characters who had eaten different amounts
of food; participants were asked how each story’s characters’ ‘tummy was feeling’
with the teacher pointing to the silhouettes of ‘empty’ and ‘full’ as the children
responded.
Before the snack or meal, children were asked if they would answer questions
about how their tummy was feeling; if the child refused, his/her refusal was honored.
If the child agreed, he/she was asked the two questions on the pictorial tool before
he/she ate. The children were first asked ‘How does your tummy feel right now?
Does it feel empty or full?’ as the staff member pointed to each silhouette. After the
child responded, he/she was then asked ‘Does your tummy feel a little empty/full, or
really empty/full?’ Responses were coded on a Likert scale with “1” being ‘very
empty’ and “4” being ‘very full’. These questions were asked within 5 minutes of
beginning the snack or meal, either when the child waited to wash his/her hands or
while the child sat at the table waiting for the food to be served.
After each participant answered the questions on the pictorial tool, they ate the
snack/meal as usual with their classmates. Food intake was recorded by research staff,
who used the Diet Observation for Child Care (DOCC), a validated method for
assessing consumption amounts in children [267]. In short, staff stood a few feet
behind the children, and visually estimated intake as the children ate. During the
snack/meal children were allowed additional helpings, per classroom procedures.
After the snack/meal, the child was again asked if he/she would answer the two
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questions about ‘how their tummy was feeling’. If the child agreed, he/she was again
asked the two questions on the pictorial tool within two minutes of the child finishing
the snack/meal.
The story was read on the first day of the study only while the other
procedures were repeated on all five days. Data were recorded for the last four days
of the study week. The first day was utilized as an ‘acclimation day’ for children to
adjust to the presence of research staff. Six of the classrooms only met MondayThursday so these children only had data for days two through four.
Data Analysis
All survey and demographic data were entered into excel spreadsheets
utilizing double-entry procedures. Survey results were coded on a 4 point scale with
a 1=’Very empty tummy’ and 4=’Very full tummy’. If a child chose not to answer the
second survey question (n = 2) to describe their tummy as ‘very’ or ‘a little’
empty/full, the response was dropped from analysis. Food and beverage intakes were
entered into the Nutrition Data System for Research (NDSR) version 2012 developed
by the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis,
MN to calculate gram, energy and nutrient intakes from visual estimations.
Ideally, these results would be compared to a ‘gold standard’ test measuring
children’s self-reported feelings of fullness but no ‘gold standard’ measure exists.
Another option would be to compare the results of our survey to the results of one of
the other two previously developed methods but this was not done because additional
preparation sessions were not feasible in these classrooms. In addition, including a
comparison of these tools would have resulted in further burden on the participants
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and teachers as the study would need to be extended for another week to allow
participants to report their feelings of fullness with each tool; it is likely that utilizing
two tools at once would be too confusing and/or children would lose interest after
utilizing the first tool. Therefore, the responses for our pictorial representation were
compared between the pre-meal to post-meal time points utilizing descriptive
statistics and paired t-tests, with the exception of Day 5 where the Wilcoxen RankSum Test was used instead due to the smaller sample size (n=17) (although some
children answered the questions before and after snack we will use ‘pre-meal’ and
‘post-meal’ for simplicity). Spearman correlations were used to compare energy/gram
intake to pre/post meal fullness responses. All analyses were conducted utilizing Stata
Statistical Software 11.0: Release 12 (College Station, TX: StataCorp LP).
Results
Sixty-five children from ten classrooms were recruited into the study. One
child was excluded from analysis due to refusal to answer the questions and four
others were excluded due to more than two absences during the week (>50% of data
collection days). One additional participant was excluded as she only answered both
survey questions on two data collection days, and therefore was missing data for 50%
of the study. Participant (n = 59) included 27 males and 32 females, the majority of
whom were four-year-olds (Table 2.1).
Daily mean pre-meal self-reported fullness ratings ranged from 1.7 to 2.4,
with an average of 2.0 across all days while the daily mean post-meal self-reported
fullness ratings ranged from 3.6 to 3.9 with an average of 3.7 across all days (Figure
2.2). The trend towards greater fullness at the post-meal time point was consistent for
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all days, and reached significance (p < .05) for all days except day 5, which had fewer
participants (n =17) than previous days due to the classrooms that did not meet on
Fridays (data not shown due to the small sample size). Fifteen children were absent
over the course of the study (7.7%). There were a total of eight refusals to answer the
survey questions at the pre-meal time point and one child started eating before the
questions could be asked, resulting in missing 4.5% of pre-meal responses. At the
post-meal time point there was one refusal (<1% of post-meal responses).
Nutrient intake fluctuated among study days (Table 2.2). Some children did
not consume any food during the meal but were still included in the analysis. There
were no significant relationships between the energy/grams consumed and the preand post-meal fullness responses or between the energy/grams consumed and the
change in self-reported fullness.
Discussion
The need for understanding satiation and satiety in preschool children is clear
due to the rising prevalence of overweight and obesity in this group. This study was
designed to test the usefulness of a novel, more efficient tool that preschool-age
children would be willing to use with minimal training beforehand.
A tool allowing preschool-age children to self-report their feeling of fullness
would be an important addition to parental reports and could be instrumental in
accurately identifying children with low satiety responsiveness at a young age.
Previously, this need was identified and two tools were developed before this study
was designed; however, both tools required several personalized training sessions
with a staff member and child in order for the child to understand and use the tool [69,
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70]. While a training session of 15 minutes would be a minor task for most adults,
asking a preschool-age child to undergo this training repeatedly could be taxing.
Repeatedly training a child would also increase the time researchers would need to
spend with the children; therefore, a more efficient tool would be preferable for both
the researcher and child. The tool developed in this study requires minimal training,
which consisted of a five-minute story that can be read to a group of children and
reduces the time burden on the children and the research staff. Additionally, the
decreased training needed for this tool makes it ideal for use in a classroom or clinical
setting as it imposes only minimal disruption and is brief enough to fit into a doctor’s
appointment or other health screening.
A similar tool for reporting satiety and satiation was recently developed by
Bennett et al. and tested in 5-9 year olds [71]. This tool was analogous to the
silhouettes developed by Faith et al., [69] that used a five point Likert scale with a
bear as the picture and different amounts of food filling its tummy. The training for
this tool was comparable to our study, with a researcher reading a short story to the
child about the bear and his feelings of fullness. While children were able to
differentiate between the bear’s fullness under different conditions, some had
difficulty in reporting differences in their own fullness, possibly due to the five
choices given by the survey tool. However, results indicated that most 6-9 year old
children could distinguish between each silhouette as intake did correlate with
changes in their fullness reports.
In contrast, neither energy nor gram intake was correlated with post-meal
fullness ratings or change in fullness ratings in this study. One explanation is related
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to the eating environment: all children were required to sit at the table with a plate of
food and watch their classmates and teachers eat regardless of how full they felt
before the meal. Eating behavior of children is socially facilitated [268] and seeing
their classmates and teachers eat may have prompted the children to eat even if they
were already full. Our methodology differed from that of Bennet et al. in this respect,
as the children in their study were given the option of whether to eat or not and were
left alone so they would not be affected by the behavior of others.
This sample reported significantly greater feelings of fullness after the meal
compared to before the meal, with the exception of Day 5, which had a much smaller
sample. These post-meal responses were somewhat limited as they were only
collected once within two minutes of finishing the meal. It is possible that different
responses may have been reported if the children were asked again 15 or 20 minutes
after the meal as feelings of fullness may peak after meal cessation [269]. However,
we were limited to one post-meal collection point to minimize disruption to the
classroom routines and were therefore unable to capture these data.
This study was designed to minimize the burden on children and
teachers/healthcare professionals while testing whether children would be willing and
able to use this tool. While no children chose to withdraw from the study, several
children refused to answer the questions at the pre-meal time point (4.5% of pre-meal
responses), which was likely due to utilizing afternoon snack which was served
immediately following naptime. Before snack, children were drowsy and not
motivated to verbalize their feelings or even point to one of the silhouettes; during
this period, these children were also nonresponsive to teachers’ questions, which
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reinforced the belief that these refusals were due to sleepiness and not because they
found the pictorial tool confusing or unacceptable. Furthermore, the willingness of
the children to answer the survey questions following snacks/meals each day suggests
that the pictorial tool itself was not a burden and children would be willing to use this
tool on a regular basis.
This study has several limitations that must be acknowledged. First, it was
conducted in a small, sample and results may not be generalizable to other
populations, especially those who have English as a second language. In addition,
there was no gold standard for comparison of survey results. Thus, responses were
tallied based on compliance with the pictorial tool, which means we cannot know if
children are accurately discriminating among all four responses. Future research
should include testing of different set amounts of food to assess whether children can
accurately differentiate between each response. Utilizing afternoon snack as the test
eating event also limited the results due to the timing of the intervention: many
children were unable to indicate their pre-snack satiety due to their drowsiness
following nap and some children chose not to eat at this smaller eating event as
they’d eaten lunch just before naptime. In the future, lunch or breakfast should be
targeted to avoid naptime and to ensure that children are hungry enough to eat at the
meal.
In conclusion, effective tools are needed for preschool-age children to selfreport their feelings of satiety and satiation as part of efforts to help them develop and
sustain healthy ingestive behaviors, body weight, and growth patterns. The results of
this pilot study suggest that the pictorial representation of a child’s empty vs. full
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tummy provided a simple, efficient tool to document feelings of fullness that can be
used by preschool-age children with minimal burden on the children and research
staff.
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Table 2.1. Participant demographics (n, column %)
Males

Females

Total

(n=27)

(n=32)

(n=59)

4 years old

21 (77.8%)

23 (71.9%)

44 (74.6%)

5 years old

6 (22.2%)

9 (28.1%)

15 (25.4%)

American Indian

1 (3.7%)

0 (0.0%)

1 (1.7%)

Asian

1 (3.7%)

2 (6.3%)

3 (5.1%)

Black

7 25.9%)

2 (6.3%)

9 (15.3%)

White

7 (25.9%)

16 (50.0%)

23 (39.0%)

Mixed

4 (14.8%)

1 (3.1%)

5 (8.5%)

Other

5 (25.9%)

11 (34.4%)

18 (30.5%)

Hispanic/Latino

6 (22.2%)

12 (37.5%)

18 (30.5%)

Non-Hispanic/Latino

21 (77.8%)

20 (62.5%)

41 (69.5%)

Age

Race

Ethnicity
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Table 2.2. Nutrient intakes by day (mean ± SD, range)
Day 2

Day 3

Day 4

194 ± 97.6

184 ± 115.5

179 ± 122.3

(0 - 502)

(0 – 520)

(0 – 481)

7 ± 3.7

5 ± 4.7

7 ± 5.0

(0 - 15)

(0 – 20)

(0 – 21)

31 ± 14.9

28 ± 18.0

24 ± 19.0

(0 - 68)

(0 – 92)

(0 – 74)

6 ± 4.4

6 ± 6.3

7 ± 5.8

(5 – 16)

(0 – 23)

(0 – 27)

Food/Beverage

190 ± 93.8

171 ± 111.2

195 ± 134.1

(g)

(0 – 459)

(0 – 457)

(0 – 524)

Energy (kcal)

Protein (g)

Carbohydrate (g)

Fat (g)

*Day 1 is not listed as this was used as an acclimation day and no data were collected
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Does your tummy feel….
OR
EMPTY?

Does it feel a little empty,
or really empty?

Does it feel a little full,
or really full?
57

Figure 2.1. Silhouette scale

FULL?
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4
Fullness Ratings

3.5
3
2.5

Pre-Meal

2
Post-Meal

1.5
1
0.5
0
Day 2

Day 3 Day 4 All Days
Study Days

*Significantly higher than pre-meal fullness ratings (p<0.05)
Figure 2.2. Reported fullness ratings recorded on a 4 point scale with 1=’very empty tummy’,
4=’very full tummy’ at the pre- and post-meal time point by day. Day 1 is not listed as this
was used as an acclimation day and no data were collected.
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Abstract:
Background: In the United States 17% of children are currently obese. If children do
not feel full they may be inclined to overeat. Thus, increasing feelings of fullness may
prevent excessive energy intake in this population and lead to better diet quality as
shown by the Revised Children’s Diet Quality Index (RC-DQI) and promote longterm maintenance of healthy weight.
Methods: Forty-one children 4-5 years old were recruited from two local Head Start
preschools. Using a randomized crossover design children provided breakfasts that
were a) high protein (19-20g), b) high fiber (10-11g), and c) high protein/high fiber
breakfasts (19-21g pro, 10-12g fiber) for one week each as well as one week of the
usual preschool breakfast (control). Perceptions of feelings of fullness were reported
each day before and after breakfast as well as before the subsequent meal (lunch).
Food and beverage intake was estimated at breakfast each day and at lunch and snack
on the third day of each week.
Results: Children reported significant differences in fullness between pre- and postbreakfast as well as between post-breakfast and pre-lunch, with post-breakfast ratings
of fullness higher than pre-breakfast or pre-lunch ratings. Ratings of fullness
following the three breakfasts (p=0.763) or before the challenge lunch meal (p=0.680)
did not differ significantly. Children consumed significantly less energy at the
intervention breakfasts (p=0.007) compared to the control breakfast, but compensated
at lunch (p=0.048). Improved diet quality was observed only with the high protein
breakfast and high fiber breakfast (p=0.027),
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Conclusions: Consuming breakfasts with increased fiber and/or protein may reduce
consumption of energy at breakfast but may not change total energy intake over the
school day. Serving breakfasts high in protein or fiber would be a simple method to
promote better diet quality in this population.
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Introduction
The rate of obesity has risen over the past few decades with 17% of American
children now classified as obese [235]. The prevalence of children classified as obese
increases by age, from 8% of 2-5 year olds to 22% in 12-19 year olds [270]. Obesity
is associated with elevated chronic disease risk, including Type II Diabetes and
cardiovascular disease [271, 272]. Some risk factors are apparent as early as the
preschool years [233]. Interventions designed to decrease excess energy intake to
prevent and treat childhood obesity are urgently needed.
One possible way of decreasing excess energy intake is to increase feelings of
fullness. Nutrients known for their association with increased feelings of fullness are
protein and fiber. Protein is generally considered the most satiating macronutrient and
fiber activates stretch receptors and can slow dispersion of digestive enzymes and
nutrient absorption [72, 73]. While there are several studies evaluating the effects of
these nutrients on appetite in adults, data with preschool-age children are limited. One
reason for this lack of data lies in the complexity of measuring appetite itself.
Appetite can be defined as “the internal driving force for the search, choice and
ingestion of food” [64], or, more broadly, “sensations that promote food ingestion or
rejection” [63] and motivation to eat is assessed through many constructs, including
hunger, fullness, desire to eat, etc. [63]. Appetite ratings in older children and adults
are typically obtained through visual analogue scales [63], but these are too advanced
for preschool children. Instead, other methods must be employed and several tools
have been proposed to measure components of appetite (hunger, satiation and/or
satiety) in this age group [69-71].

63
Increased fiber in a meal may lead to better memory due to the slower release
of glucose as seen in research with low-glycemic diets [183]. In addition,
macronutrient content can also affect memory as adults who consumed a protein
beverage had lessened rate of forgetting with delayed paragraph recall 15 minutes
after reading the paragraph compared to drinks containing fat or carbohydrate, and
actually had better recall 15 minutes after reading the paragraph compared to
immediate recall testing [229].
Early nutrition intervention is essential as weight status and eating behaviors track
from early childhood through later life [230, 234]. Children who are
overweight/obese are more likely to remain so through adolescence and adulthood
[234-236]. Childhood experiences also influence the foods adults prefer as adults who
had repeated exposure to a food during childhood may like that food, even if the food
was disliked during childhood [137]. Eating behaviors, such as food responsiveness
(”eating in response to environmental cues” [66]) and satiety responsiveness (”ability
of a child to reduce food intake after eating to regulate its energy intake” [66]), are
also correlated between children at four and ten years of age [237]. Development of
food preferences is highly affected by the parents: depending on what foods the
parents choose to serve and what foods the parents model eating for the child [136],
and although food neophobia is often seen in young children repeated exposure to
novel foods can increase acceptance [129].
Preschool children from low-income families are a high-priority population for
nutrition intervention as they are more likely to have poor diet quality compared to
children of higher socioeconomic status (SES) [241] and have an obesity prevalence
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almost twice the national average for their age group [270]. Preschools offer an
excellent opportunity for this type of intervention as at least 60% of children under
the age of six in the United States will spend time in care outside the household [254].
The purpose of this study was to determine the effects of serving and consuming a
high protein, high fiber, and combined high protein/high fiber breakfast on lowincome preschoolers’ feelings of fullness during and after the meal as well as their
diet quality.
Method
This crossover intervention trial was conducted at two local preschool centers
for low-income children. Teachers of six classrooms of four- and five-year old
students were approached and agreed to participate in the study. Packets were sent
home with parents and if the parents chose to have their child participate they
returned the signed packets to the teacher and children gave verbal assent.
Recruitment packets also included a questionnaire to ascertain demographic
characteristics as well as questions about food allergies, as children with allergies
were excluded from the study. Study activities were conducted Monday through
Thursday (preschools were closed on Friday). All data collection was conducted in
the classrooms with teachers and non-participating children present. Study procedures
were approved by the Institutional Review Board of Purdue University and this study
was registered at clinicaltrials.gov as study #NCT02122224.
The study schedule and weekly study procedures can be seen in Figure 3.1.
Participants had one baseline week of data collection with day one used as an
acclimation day for children to become accustomed to research staff and no data were
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recorded for this day. On each day of the baseline week children ate the usual foods
provided by the preschool and participated in study activities. Following the baseline
week, children in each classroom began the rotation schedule through the four
breakfast conditions, which included the three intervention breakfast types with the
usual preschool breakfast serving as control. A washout phase of one week was
scheduled between each breakfast type. Groups 1 and 2, which were in one preschool,
began one week earlier than groups 3 and 4 so that study staff would not be split
between the two preschool centers every day.
A story about feelings of fullness lasting approximately 5 minutes was read to
all children in each participating classroom on Monday and Tuesday of the baseline
week and Monday of each study week thereafter. On each study day participating
children answered two questions on how their tummy felt before breakfast, after
breakfast and before lunch. The pictorial tool used for these questions is shown in
Figure 3.1 and creates a 4 point Likert scale from a ‘very empty’ tummy to a ‘very
full’ tummy. The children were first asked ‘How does your tummy feel right now?
Does it feel empty or full?’ as the staff member pointed to each silhouette. After the
child responded, he/she was then asked ‘Does your tummy feel a little empty/full, or
really empty/full?’ Responses were coded on a scale with “1” being ‘very empty’ and
“4” being ‘very full’. Children were shown the pictures each time they were asked the
questions and were allowed to point or answer verbally. The story and questions
about fullness were read in English and Spanish as appropriate and if a child refused
to answer the questions that refusal was honored.
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On Tuesday of the baseline week, week 3 and week 7, study staff took
anthropometric measures (height and weight) from participants in order to calculate
BMI.
Three types of test breakfasts were designed for this study: high fiber (HF),
high protein (HP) and high protein & high fiber (HPHF). Nutrient content of
breakfasts can be seen in Table 3.1. Study breakfasts were matched for caloric
content to the usual preschool breakfasts (300 ± 25 kcal). The high protein or fiber
breakfasts each contained at least 1.5 times the average protein or fiber served in the
usual breakfast, as these were the highest amounts we could reach while still adhering
to CACFP guidelines [273] and utilizing child-friendly foods. Children’s daily
breakfast intake and intake of lunch and snack on Wednesdays were visually
estimated by study staff utilizing the Dietary Observation for Child Care system
(DOCC) method [267], a validated method for assessing intake at childcare centers.
This method was preferable to alternative methods, such as measuring plate waste in
this setting, as it minimized the disruption to classroom procedures. Training of study
staff included visually estimating over 20 foods and beverages served in these
preschools to test their ability to correctly estimate portion sizes. Training
commenced until all study staff were able to accurately calculate portion sizes within
the required 2 tablespoons. To assess what children were eating and drinking outside
preschool hours, parents were asked to record what their child ate and drank on
Wednesday before and after preschool. To do this, parents were instructed on how to
complete food records for their child with the booklet from Nutrient Data System for
Research as an aid for estimating portion sizes.
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Intake data were entered into Nutrient Data System for Research (NDSR)
version 2011, developed by the Nutrition Coordinating Center (NCC), University of
Minnesota, Minneapolis, MN. Diet quality was calculated with the Revised
Children’s Diet Quality Index [172], which compares actual intake to population and
age- and gender-specific guidelines. The RC-DQI was chosen over the HEI as it
includes indices important to child growth and health concerns and does not
dichotomize the population into those with poor and good diets with few in the
middle as the HEI can [182]. Diet quality was calculated based on the intake
estimates from one day of each study week, for which breakfast and lunch intake data
was available. While data from multiple days would have been preferable, only one
day was recorded to minimize disruption to the classroom routines, which would have
changed intake behavior.
Due to inclement weather some data collection days were not completed on
schedule: group 1, which included two classrooms, had to make up Usual Day 3,
HPHF Day 1 and HPHF Day 2; group 2, which included two classrooms, had to make
up HP Day 3, Usual Day 1 and Usual Day 4; group 3, which included one classroom,
had to make up Baseline Day 4, HP Day 3 and Usual Day 1; group 4, which included
one classroom, had to make up Baseline Day 4, HP Day 1 and HF Day 3. Due to the
missed baseline days one extra week was added to the study to ensure that all children
experienced one week of acclimation period. In addition, one extra day was added at
the end of the study. All makeup days were scheduled as close to the original date as
possible taking into account the schedules of the teachers and classrooms. On makeup
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days, study procedures were identical to those of the missed day with the exception of
the story, which was read on all makeup days and any days following a snow day.
Analysis
All data with the exception of intake were entered into Microsoft Excel 2010 using
double-entry procedures. This involved entry into two databases by two staff
members with a third staff member overlaying the datasets to ensure entries in
matched. If data did not match, the staff member would check the original data
collection sheet to correct the data. All analyses were conducted using Stata 11.2
(Stata Statistical Software: Release 12. College Station, TX: StataCorp LP).
Children were classified into groups based on baseline BMI measures or from
the first available data collection point if baseline data were not taken due to absence,
etc. Weight groups were divided into underweight/normal weight participants and
overweight/obese participants per Centers for Disease Control guidelines [274].
Questions about fullness were recorded on a 1-4 scale with 1 being ‘very
empty’ and 4 being ‘very full’. If a child answered that he/she had an ‘empty’ tummy
but did not further specify the response was recorded as 1.5 while responses of ‘full’
tummy with no further specification were recorded as 3.5. Student’s T-tests were
utilized to assess differences between responses pre- and post-breakfast and pre-lunch
as well as differences in intake using Bonferroni corrections to account for multiple
testing.
Repeated measures ANOVA were performed to determine if breakfast type
was associated with differences in energy intake at lunch or diet quality controlling
for week. Ordered logistic regression was performed to determine if breakfast type
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had any effect on fullness survey responses after breakfast or before lunch controlling
for study week, age, gender, race and weight status.
Children who were absent for half of the data collection days or more were
dropped from analysis (n=3) and children who missed more than two of the four days
of a study week were also dropped from the analysis of that week (n=5). Data from
absent children was not imputed and was treated as missing.
Results
A total of 44 children were recruited for this study. Two children withdrew
from their preschool: one before the study began and one after week 3 of the study.
One child chose to withdraw after week 1 due to his shyness and difficulty in
speaking with research staff, leaving 41 children in the analysis. Additionally, five
children were absent for more than two days in a four day study week; therefore, their
data were dropped from the analysis for that week only.
The majority of the sample was 4 years old at the beginning of the study and
there were similar numbers of males and females (Table 3.2). Caucasian participants
accounted for a quarter of the sample and almost 40% were identified as
Hispanic/Latino. Most children were underweight or normal weight and only ten were
classified as overweight or obese.
Weekly averages of energy and nutrient intake can be seen in Table 3.3. These
data include children who chose not to eat or drink during breakfast (n=5 total during
intervention weeks, and n=8 during the usual week). Baseline intake averages were
similar to those of the usual week with the exception of a higher average fat intake
during baseline week compared to the usual week (p=0.017). As expected, there was
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variation in nutrient and energy intake throughout the study. Average weekly energy
intake was lower during all three intervention breakfast weeks compared to the usual
breakfast week. Average protein intake did not differ compared to the usual week
after Bonferroni correction but average protein density (g/100 kcal) was higher during
the HP (p=0.003) and HPHF (p=0.003) weeks compared to the usual week. Average
fiber intake and fiber density (g/100 kcal) were higher in all study breakfast weeks
compared to the usual breakfast week
Average fullness responses by week are depicted in Figure 3.3. Average preand post-breakfast fullness responses indicated that participants felt ‘less full’ before
breakfast then after breakfast for each week (p<0.05); similarly, participants reported
their average post-breakfast fullness as higher than their average pre-lunch fullness
for all weeks (p<0.05). Ordered logistic regression suggested breakfast type had no
effect on fullness reports taken post-breakfast (p=0.763) or pre-lunch (p=0.680).
Gender, age, race and weight status were not significant predictors of fullness: the
only significant variable was study week (p=0.008). Fiber density and protein density
were not significant predictors of post-breakfast fullness or pre-lunch fullness ratings.
Fullness responses that only indicated full or empty, and not ‘a little’/’very’
comprised 2% of responses and were included in these data. Missing data from
fullness survey responses and intake comprised less than 1% of data collected from
participants.
Energy intake for day 3 of each study week is shown in Figure 3.4. Repeated
measures ANOVA suggests there were differences in energy intake at breakfast and
lunch among breakfast conditions (p=0.0073 & p=0.0482, respectively), but not at
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snack (p=0.5132) or over the school day (p=0.4471). There were no differences in
energy and nutrient intake by weight status.
Differences in diet quality component scores between diets were observed in
component 1-added sugar (p=0.0001), component 2-fat (p=0.0010), component 4linolenic acid (p=0.0005), component 5-DHA & EPA (p=0.023), component 7-whole
grains (p=0.001), and component 12-iron (p=0.001) (Figure 3.5). Overall diet quality
also differed between breakfast conditions (p=0.027), as seen in Figure 3.6, with the
highest diet quality observed during the HP and HF breakfast conditions. There were
no differences in diet quality scores by weight status (p=0.761). RC-DQI scores only
include meals and snacks served at the school as the number of diet records returned
by parents was deemed to low too for analysis (<15 returned for each intervention
week).
Discussion
Young children from low-income families are disproportionally affected by
obesity [270]. Early nutrition intervention for the prevention and treatment of obesity
is vital as risk factors for chronic disease associated with obesity can present during
the preschool years [233]. This study was designed to evaluate whether serving
breakfasts high in protein, fiber or both would affect children’s feelings of fullness
and diet quality.
Although many studies have been conducted on the satiating effects of fiber and
protein with older children and adults very little data exist in preschool-aged children.
Results from one study suggest that preschoolers will consume less energy when
served a high protein lunch and continue to consume less at snack that afternoon
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compared to a high carbohydrate lunch condition [121], but no appetite measures
were taken. In our study children also consumed less energy during the study
breakfasts but compensated at lunch resulting in no overall difference in intake over
the school day. There were also no differences in feelings of fullness after breakfast
or before lunch among study conditions. It is possible that participants felt more full
after the intervention breakfasts but their feelings of fullness did not peak until at least
15 minutes after the meal as has been reported by adults [269]. However, it is
interesting to note that children reported similar fullness ratings following less energy
intake at the intervention breakfasts compared to the usual breakfast. Future research
should include multiple data collection points on fullness post-meal while
incorporating other surveys or eating occasions to further understand factors affecting
the child’s appetite. However, the design of such studies must consider the low
attention span and time limitations inherent to children in this age group.
In addition to appetite, obesity prevention should also target breakfast and total
diet quality. Preschool children who skip breakfast are at higher risk for overweight
and poor diet quality compared to those who habitually consume breakfast [245] and
increasing diet quality is associated with improved BMI scores among low-income
overweight children [246]. In this study the highest diet quality scores were observed
during the HP and HF breakfast conditions, with the HPHF breakfast condition
having the same diet quality as the usual breakfast. This is an important finding as
energy and macronutrient intake during the HPHF breakfast was similar to other
study breakfasts. This variance in diet quality scores was largely driven by what the
children were served and chose to eat at breakfast; for example, the children were
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served an iron-fortified cereal for the HF breakfast and since they chose to eat it, their
iron component scores are significantly higher than all other breakfasts. However, the
cereal served during the HPHF breakfast had much less sugar and was less appealing
to the children than the HF cereal, leading to lower iron and whole grain component
scores but a much better added sugar score than the HF condition. Therefore, even
small differences in food choices at one meal can have beneficial effects on overall
diet quality.
While this study presents new data on the effects of higher protein and fiber
breakfasts on the feelings of fullness and diet quality in young children, there are
limitations that must be acknowledged. First, diet quality scores were calculated for
one partial day instead of the usual average of one weekday and one weekend day.
Ideally, diet information would have been collected for more than one day but was
limited to part of one day to decrease burden on the parents and the preschool.
Additionally, children were served set lunches and snacks at the preschool and had
little choice in the foods they consumed. While this is the usual routine for children of
this age group, this study design does not allow for children to alter their subsequent
food choices in response to a high protein and/or high fiber meal. Future research
should incorporate options in the meals following high protein and high fiber
breakfasts in order to evaluate any differences in food choices. Furthermore, the
fullness tool used in this study may not be adequately indexing feelings of fullness,
and more research is needed to determine this.
Understanding how nutrient content of breakfast affects appetite sensations and
diet quality in young children is a key step in preventing and treating obesity.
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Offering high fiber and high protein breakfasts is a simple, convenient way to
decrease energy intake at the meal and improve diet quality in young children.
However, to reduce total energy intake over the day more protein and/or fiber may
need to be offered at each eating occasion. Further research must be conducted to
improve our understanding of how nutrient content of meals affects appetite in
children and food choices contributing to diet quality.
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Table 3.1 Average nutrient content by breakfast type (mean, range)

Usual

High
Protein
High Fiber

High
Protein/
High Fiber

Energy

Protein

Fat

Carbohydrate

Fiber

(kcal)

(g)

(g)

(g)

(g)

311

12.4

7.9

49.9

3.1

(180-424)

(7.6-21.9)

(2.1-14.4)

(33.1-70.2)

(1.4-6.4)

299

19.8

6.8

42.3

3.6

(282-319)

(19.2-20.3)

(3.5-11.1)

(25.9-55)

(1.8-4.7)

283

9.9

3.8

56.2

10.5

(277-291)

(8.8-11.2)

(3.2-5.5)

(55.7-56.8)

(9.8-11.0)

304

20.5

6.2

49.6

11.0

(299-312)

(19.0-21.7)

(3.6-6.4)

(39.5-57.9)

(10.0-12.1)
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Table 3.2. Participant baseline demographics (column %)
Males

Females

Total

(n=19)

(n=22)

(n=41)

4 year old

13 (68.4%)

12 (54.6%)

25 (61.0%)

5 year old

6 (31.6%)

10 (45.5%)

16 (39.0%)

American Indian

1 (5.3%)

0 (0.0%)

1 (2.4%)

Asian

0 (0.0%)

1 (4.6%)

1 (2.4%)

Black

7 (36.8%)

2 (9.1%)

9 (22.0%)

White

3 (15.8%)

7 (31.8%)

10 (24.4%)

Mixed

2 (10.5%)

1 (4.6%)

3 (7.3%)

Other

6 (31.6%)

11 (50.0%)

17 (41.5%)

Hispanic/Latino

5 (26.3%)

11 (50.0%)

16 (39.0%)

Non-Hispanic/Latino

14 (73.7%)

11 (50.0%)

25 (61.0%)

Underweight/Normal

16 (84.2%)

15 (68.2%)

31 (75.6%)

Overweight/Obese

3 (15.8%)

7 (31.8%)

10 (24.4%)

Age

Race

Ethnicity

Weight Status
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Table 3.3. Average nutrient and energy intake by week (mean ± SD, range).
Differences are between average intake during the usual breakfast week compared to
each intervention week.
Energy
(kcal)

Usual

Protein Carbohy(g)

drates (g)

Fat

Fiber

Protein

Fiber

(g)

(g)

Density

Density

(g/100kcal)

(g/100kcal)

201 ±

7 ± 4.1

32 ± 15.1

6±

2±

4 ± 0.9

1 ± 0.6

113.8

(1-26)

(6-85)

5.5

1.3

(1-5)

(0-3)

(0-

(0-6)

(37-747)

35)
High

129 ±

9 ± 5.9

22 ±

3±

3±

6 ± 1.3*

2 ± 0.7*

Pro

144.6*

(1-28)

11.8*

2.3*

2.0*

(2-8)

(1-4)

(8-56)

(0-

(1-8)

(22-291)

12)
High

154 ±

5 ± 3.1

33 ± 15.2

2±

5±

3 ± 1.0

3 ± 0.9*

Fiber

73.5*

(0-12)

(5-70)

1.0*

3.0*

(1-5)

(2-6)

(0-4)

(1-12)

(28-329)
High

129 ±

8 ± 4.1

22 ±

3±

4±

6 ± 1.5*

3 ± 0.9*

Pro &

62.3*

(0-15)

21.6*

1.8*

2.1*

(4-10)

(2-6)

Fiber

(28-329)

(4-47)

(0-7)

(1-9)

*Significantly different from usual intake (p<0.05)
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Figure 3.1. Overview of study design and weekly study procedure
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Figure 3.2. Pictorial tool for self-reporting feelings of fullness
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Figure 3.3. Average responses of self-reported fullness by time point by week
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Figure 3.4. Energy intake from breakfast, lunch and snack on day 3 by breakfast type
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Figure 3.5. RC-DQI component scores from intake at breakfast, lunch and snack on day 3 by breakfast type
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Figure 3.6. Total RC-DQI scores from intake at breakfast, lunch and snack on day 3 by breakfast type
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Abstract
Background: Breakfast consumption is associated with health and academic benefits
for school-age children and adolescents but little information is available for
preschool children.
Objective: This study was designed to assess the effects of high protein and high fiber
breakfasts on preschoolers’ memory.
Methods: Forty-one children were recruited through two local Head Start centers to
rotate through high protein, high fiber, combined high protein and high fiber, and the
usual breakfast served at the preschool for one week each with a week washout in
between in a crossover design. Children consumed breakfast at the preschool and
reported their feelings of fullness before and after the meal. Before lunch children
played a game called the novel objects test (NOT), an activity designed to measure
short-term memory in young children in a play setting, and then reported their
feelings of fullness again. Conditional logistic regression was used to determine
associations between NOT results and nutrient intake/fullness reports while repeated
measures ANOVA were performed to determine if breakfast type was associated with
NOT results.
Results: There were no learning effects or tiring effects observed during the
intervention weeks. Breakfast conditions were not associated with scores on the NOT
(p=0.131), nor were energy intake or protein intake (p=0.352 and p=0.239,
respectively). There was a slight negative association with fiber intake (p=0.001) but
no association between fiber density (g/100kcal) and NOT results (p=0.902).
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Fullness ratings also had no association with NOT scores (post-breakfast, p=0.816,
pre-lunch p=0.141).
Conclusions: These data suggest that breakfast content little no large impact on shortterm memory in preschool children, but further research must be conducted and
include multiple measures.
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Introduction
Breakfast consumption has been associated with academic benefits including
better school and cognitive performance [208, 209] as well as improved markers of
health, such as fewer markers of cardiovascular risk and lower rate of
overweight/obesity [210, 211]. However, the majority of this research does not
evaluate the effects of breakfast nutrient content [183], a factor that may account for
much of the variation in results.
While much of the epedimiological research compares outcomes between
breakfast consumers and breakfast skippers there are some studies designed to
evaluate effects of different types of breakfast (e.g., ready-to-eat cereals) and/or
nutrient content of breakfast on measures of cognition. When children consumed
cereal with milk they had better scores on measures of attention and episodic memory
and less decline in performance over the morning compared to following
consumption of a glucose drink or skipping breakfast [212]. In another study, children
6-8 years old performed better on tasks of spatial memory and auditory attention after
consuming oatmeal compared to skipping breakfast while consumption of ready-toeat cereal did not increase performance [213].
However, this research was conducted in older children with little information
about the effects on young children. The lack of research in younger children is
unexpected as academic performance is stable from early childhood through high
school [184]. Data on reading and math abilities also show a strong correlation
between performance during early childhood and high school, with those who are

88
behind in mathematics during preschool remaining behind their peers throughout
elementary school and high school [185-187].
In addition, family income is a predictor of children’s school performance.
Measures of cognition are consistently associated with family socioeconomic status
(SES), with children from higher SES families having better scores on measures of
cognition [184]. Children from higher SES families are also likely to be more
prepared to enter kindergarten than those from lower SES families [194].
Unfortunately, these gaps in achievement do not disappear as the children grow, but
remain through elementary and high school [187, 197]. This information highlights
the need to assess possible beneficial effects of varying breakfast types on measures
that will influence learning and school performance in children from low-income
families.
The purpose of this study was to assess the effects of high protein and high
fiber breakfasts on children’s performance on a memory task.
Method
This study was part of a larger crossover trial designed to evaluate the effects
of high protein and high fiber breakfasts on multiple outcomes in preschool children.
Teachers of six classrooms at two local preschools for low-income children were
approached and agreed to participate in the study. Recruitment packets were sent
home with parents of eligible children and parents who chose to have their child
participate signed and returned the forms to the teacher while children gave verbal
assent to research staff. Study breakfasts were served Monday through Thursday as

89
the children did not have preschool on Friday and a short-term memory recall task
was conducted before lunch on Thursdays. All data collected from the children were
collected in the classrooms with teachers and non-participating children present.
Study procedures were approved by the Institutional Review Board of Purdue
University and this study was registered at clinicaltrials.gov as study #NCT02122224.
The study schedule and daily procedures for the day of the memory test can be
seen in Figure 4.1. Participants had one baseline week of data collection with day one
used as an acclimation day for children to become accustomed to research staff and
no data was recorded for this day. On each day of the baseline week children ate the
usual foods provided by the preschool and participated in study activities. Following
baseline week, each classroom rotated through the four breakfast conditions, which
included the three study breakfasts and the usual breakfast served at the preschool,
with a washout of one week in between. Groups were staggered by week so that study
staff would not be split between two preschool centers every day.
Three types of test breakfasts were designed for this study: high fiber (HF),
high protein (HP) and high protein high fiber (HPHF) (Table 4.1). These breakfasts
were similar calorically to the usual preschool breakfasts while the high protein and
fiber breakfasts each contained at least 1.5 times the average protein and fiber served
in the usual breakfast, as these were the highest amounts we could reach while still
adhering to CACFP guidelines [273] and utilizing child-friendly foods in appropriate
amounts. Children’s breakfast intake was visually estimated by study staff utilizing
the Dietary Observation for Child Care system (DOCC) method [267], a validated

90
method for assessing intake at childcare centers. Study staff were trained in this
method by visually estimating over 20 foods and beverages served in these preschools
and those included in the study breakfasts. Staff were then tested on their ability to
correctly estimate portion sizes and were able to accurately calculate portion sizes
within 2 tablespoons. Intake data was entered into Nutrient Data System for Research
(NDSR) version 2011, developed by the Nutrition Coordinating Center (NCC),
University of Minnesota, Minneapolis, MN.
On each study day participating children answered two questions on how their
tummy felt before breakfast, after breakfast, and before lunch using the pictorial
shown in Figure 4.2. The children were first asked ‘How does your tummy feel right
now? Does it feel empty or full?’ as the staff member pointed to each silhouette. After
the child responded, he/she was then asked ‘Does your tummy feel a little empty/full,
or really empty/full?’ Responses were coded on a scale with “1” being ‘very empty’
and “4” being ‘very full’ to create a 4 point Likert scale. Children were shown the
pictures each time they were asked the questions and were allowed to point or answer
verbally. Questions were read in English and Spanish as appropriate and if a child
refused to answer the questions that refusal was honored.
The novel objects test (NOT), which involves presenting new objects to a
child and asking if they can match the name with the object in a ‘game’ setting [219,
220] was played with participants each Thursday between 11:45 and 12 noon. For this
test ‘novel objects’ were created by gluing 1 inch wooden blocks in various shapes
and painting them different colors. Each object was given a nonsense name, such as
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‘mima’, so that the child would not associate it with a known object. The number of
objects presented in this game was determined during baseline week. During this
week, children started with a round of three objects and if they correctly identified all
objects they moved on to a round of four objects, then a round of five objects. No
objects or object names were repeated during this study.
Study staff played the NOT with each child individually and verbal assent was
obtained at each session. Before the child sat down, the researcher would place all
objects under the table and out of sight of the child. After obtaining assent, the
researcher would present each of the four objects individually for 20 seconds while
repeating the object’s name four times following a script. Children were allowed to
hold and play with each object during the 20 seconds it was presented, and then each
object was placed back under the table. After all four objects had been presented the
researcher placed them all on the table and asked the child if he/she could identify
each by name. If the child answered correctly, he/she was given a point for that object
for a maximum score of four. The number of correct objects was used rather than
speed of response as accuracy is the more sensitive measure in young children on this
task [275].
Due to inclement weather some data collection days were not completed on
schedule: group 2, which included two classrooms, had to make up Usual Day 4;
group 3, which included one classroom, had to make up Baseline Day 4; group 4,
which included one classroom, had to make up Baseline Day 4. All makeup days
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were scheduled as close to the original date as possible taking into account the
schedules of the teachers and classrooms.
Analysis
All data with the exception of intake was entered into Microsoft Excel 2010 utilizing
double-entry procedures. This involved entry into two databases by two staff
members with a third staff member overlaying another program to ensure entries in
both datasets matched. If data did not match, the staff member would check the
original data collection sheet to correct the data. All analyses were conducted using
Stata 11.2 (Stata Statistical Software: Release 12. College Station, TX: StataCorp LP).
Questions about fullness were recorded on a 1-4 scale with 1 being ‘very
empty’ and 4 being ‘very full’. If a child answered that he/she had an empty tummy
but did not further specify the response was recorded as 1.5 while responses of
‘empty’ with no further specification were recorded as 3.5. T-tests with Bonferroni
correction were utilized to assess differences between responses among weeks.
Conditional logistic regression was used to determine associations between number of
correct answers and nutrient intake and fullness reports, controlling for sex, ethnicity,
classroom and rotation group. Repeated measures ANOVA were performed to
determine if breakfast type was associated with differences in number of correct
answers.
Children who were absent for half of the data collection days or more were
dropped from analysis (n=2). Data for absences was imputed using the average for
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that week. To observe a significant difference of 1 among the four conditions we
would need a sample size of 56.
Results
Forty-three children were recruited into the study, but two were dropped from
analysis due to dropping from the study before 50% of the data collection days were
complete. The majority of participants were 4 year olds (n=25, 61%). Most children
were identified by their parents as Non-Hispanic Latino (n=25, 61%) and the largest
ethnic groups were White (n=10, 24%) and Black (9, 22%).
During Baseline week 13 children correctly identified all objects during the
first trial where three objects were presented and progressed to the found with four
objects. Only one child correctly identified all four objects but was later found to
have watched earlier rounds from behind a bookcase so her results were dropped. For
the remainder of the study four objects were used so that no child began the study
with by testing out of the game. The number of correct answers by breakfast
condition can be seen in Figure 4.3. There was no association between breakfast type
and number of correct answers (p=0.131).
Breakfast intake is shown in Table 4.2. While total protein intake did not vary
between study weeks protein density (g/100kcal) did increase during the HP and
HPHF weeks. Fiber intake and fiber density increased during all study weeks
compared to the usual. Fullness responses are shown in Figure 4.4. Post-breakfast and
pre-lunch responses were higher in the HP condition compared the usual (p=0.027,
p=0.009, respectively).
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Results from conditional logistic regression suggest there was no association
between number of correct answers and nutrient intake (p=0.352 and p=0.239 for
energy intake and protein intake, respectively), with the exception of a slight negative
association with fiber intake (p=0.002). There was no association between number of
correct answers and post-breakfast or pre-lunch fullness reports (p=0.816 and
p=0.141, respectively). Covariates were not significant in any of these models.
There was one refusal over the course of the study (0.6% of data). Imputed
values comprised 10.4% of data and results were consistent between data with and
without imputations.
Discussion
The effects of breakfast on learning and memory are well documented in older
children and adolescents, but few studies have been conducted with preschoolers.
What little data exist for younger children suggest a beneficial effect: kindergarteners
who eat breakfast regularly score higher on IQ tests [214], but additional research is
needed in this area. This study was designed to assess the effects of breakfast content
on memory in young children in an attempt to fill this gap.
Results of this study suggest that high protein and high fiber breakfast do not
have an effect on short-term memory in preschool children. However, this study was
not powered to discern significant differences of one among the four breakfast
conditions; significant effects would only be seen with differences of more than one.
In addition, only one measurement was collected at one time point to minimize
disruption to the classroom routine. Previous research has included several time
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points or a long time period of data collection in order to evaluate differences in
decline of cognition measures [212, 276, 277]. One study evaluating effects of a
morning snack on memory and attention only found a difference in memory at one of
the three post-meal time points [276]. Although this study was conducted in older
elementary school children, the results do indicate that our study design may have
missed differences in decline of memory over the course of the morning.
In this study children reported no differences in feelings of fullness following
each of the breakfast conditions, which may also have contributed to the similar
memory scores. Previous research has reported higher satiety ratings associated with
less decline in memory in children [212], but in that study children were asked about
three different appetite components (hunger, fullness, and desire to eat) rather than
just fullness. In this study children were only asked to report their fullness, as the
complexity of the usual tool for measuring appetite components, called a visual
analogue scale, is inappropriate for this age group [260] and tools to measure hunger
and desire to eat have not been created for this age group. It is possible that we
missed differences in memory because the children were only asked about one
appetite component or because there were no differences in fullness ratings after
breakfast or before lunch when they played the NOT. However, since there are
currently no validated tools for measuring appetite components in this population we
were limited to a survey of fullness that was tested in a previous study (cite pilot if
possible).
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Although research on breakfast consumption and measures of cognition does
not always yield consistent results, data on the effects of glycemic load on cognition
measures suggest that low-glycemic load may have beneficial effects [183]. These
benefits may be due to the increased sleep and glucose needs of children. Young
children have a longer overnight fast due to their sleep duration combined with higher
glucose needs for the brain, resulting in greater metabolic stress when they skip
breakfast compared to adults [221, 222, 278]. In addition, macronutrient content may
play a role in memory as participants who drank a protein beverage and were tested
with delayed paragraph recall had lessened rate of forgetting 15 minutes after reading
the paragraph compared to drinks containing fat or carbohydrate, and actually had
better recall during this time point compared to the immediate recall [229]. However,
the mechanism underlying this effect is not yet understood.
It is also likely that nutrients and breakfast types will not have the same
effects on all measures of cognition. Cognition is a broad term, and while there is not
one universally accepted term, it is generally thought to refer to processes that
knowledge and comprehension, such as attention, memory, thinking, problem solving
skills and other abilities that influence learning. As observed in the study by Kaplan
et al., breakfast drinks containing different macronutrients had different effects on
memory and attention, and effects were varied by gender and those with low scores
on initial tests [229]. However, due to the preschool’s breakfast guidelines the unique
effects of each macronutrient could not be tested in this study.
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Because this study was conducted in preschools the breakfasts needed to
conform to standards of the preschools and CACFP. This meant that certain foods had
to be served at the meal which limited the amount of fiber a protein that were
consumed. For example, if a high protein breakfast was served outside the preschool
all foods served could be high in protein but because the guidelines specify that a fruit
must be served at least one food must be low in protein. This is also likely the reason
that protein intake was similar across breakfast conditions. In addition, this study
design did not include a non-breakfast condition or a smaller breakfast condition as is
common in other research. This was due to the setting of the study as asking the
children to skip a meal was not possible in the preschools. Adding a non-breakfast or
small breakfast condition may have resulted in different fullness reports.
Since the children had similar protein intakes among breakfast conditions we
cannot make a conclusion about the effects of protein intake on memory. The children
did have higher fiber intakes in all of the intervention breakfasts which had a
significant, but small, negative association with lower NOT scores, but this was not
supported by an association between fiber density and NOT scores. It must be noted
that the average difference in fiber was between 1-3 grams when compared to the
usual breakfast, which may not be enough to affect memory. However, there is
limited data on the effect of nutrient content on fullness and cognition components in
this population so further research is warranted.
While this study provides data for a new population there are several
limitations that must be considered. This study only assessed one aspect of cognition
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and utilized one time point to collect this data. In addition, the study design did not
include a non-breakfast condition and only evaluated one component of appetite.
Future research should include several timepoints for measuring aspects of cognition
and evaluate more components of appetite, perhaps allowing children to choose the
timing of the next meal as a proxy for ‘desire to eat’ or other appropriate measures for
this population. It is also possible that our memory test was not understood by the
participants: in earlier studies, this test was used with older children with
developmental delays and the age group in this study is the youngest that could be
tested with the NOT [219, 220]. In addition, more components of cognition should be
measured as previous research as indicated that breakfast itself and its nutrient
content may have varying effects of the different components.
Previous research on the effects of breakfast on measures of cognition has
focused on school-age and adolescent children. However, understanding how
breakfast content affects cognition in preschool children is vital in supporting
children’s early academic success. Altering the nutrient content of breakfast would be
a simple, cost-effective method to help children succeed in school.
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Table 4.1. Nutrient content of Thursday breakfasts by intervention week
Energy

Protein

Fat

Carbohydrate

Fiber

(kcal)

(g)

(g)

(g)

(g)

319

19.2

4.0

53.9

3.7

High Fiber

277

9.7

3.3

56.1

11.0

High

304

21.7

3.6

57.9

11.8

312

11.5

8.0

50.5

3.1

High
Protein

Protein/
High Fiber
Usual

*Average of the four breakfasts that were served on Thursdays
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Table 4.2. Average nutrient intake at Thursday breakfasts by week (mean ±SD, range)
Usual

HP

HF

HPHF

176 ± 133.2

139 ± 82.3

146 ± 102.8

130 ± 74.0*

(0-573)

(0-354)

(0-40)

(0-309)

203 ± 171.6

137 ± 81.7*

168 ± 104.1

104 ± 53.9*

(kcal)

(0-890)

(0-316)

(0-473)

(0-219)

Protein

6 ± 4.1

7 ± 5.7

6 ± 4.0

8 ± 5.2

(g)

(0-15)

(0-20)

(0-18)

(0-23)

Fat

7 ± 5.5

2 ± 1.6*

1 ± 1.0*

2 ± 1.8*

(g)

(0-27)

(0-6)

(0-4)

(0-8)

31 ± 28.9

24 ± 13.0

35 ± 22.3

16 ± 8.8*

(g)

(0-152)

(0-59)

(0-97)

(0-39)

Fiber

1 ± 1.1

2 ± 1.2*

4 ± 3.3*

3 ± 2.1*

(0-6)

(0-6)

(0-14)

(0-10)

3 ± 1.8

4 ± 2.1*

3 ± 1.6

6 ± 2.5*

(0-8)

(0-9)

(0-7)

(0-11)

1 ± 0.4

2 ± 1.0*

3 ± 2.5*

3 ± 1.6*

(0-2)

(0-5)

(0-12)

(0-7)

Grams
(g)
Energy

Carbohydrate

(g)
Protein Density
(g/100kcal)
Fiber Density
(g/100kcal)

*Different from usual intake (p<0.05)
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Groups 1
& 2:

Group 1

B

Wk1
B

Wk2
Wk1

Wk3
Wk2

Wk4
Wk3

Wk5
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Wk6
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Wk7
Wk6

PF

W

U

W

F

W

P

B

Wk7
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U
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F

W

P

W
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Group 3
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W

P

W
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W

U
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U=Usual (control)
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9:15 AM
Prebreakfast
fullness
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10:00 AM
Postbreakfast
fullness
questions

11:45
Memory
test

12:00 PM
Pre-lunch
fullness
questions











Figure 4.1. Overview of study design and Thursday study procedures
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Figure 4.2. Pictorial tool for self-reporting feelings of fullness
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Number of Correct Answers

4
3.5
3
2.5
2
1.5
1
Usual

High Pro

High Pro/High
Fiber

High Fiber

Figure 4.3. Number of correct answers on NOT by breakfast condition

104

105

Fullness Response

Post-Breakfast

Pre-Lunch

*

4
3.5
3
2.5
2
1.5
1

*

Usual

High Pro

High Pro/
High Fiber

High Fiber

*Higher than usual (post-breakfast p=0.0273, pre-lunch p=0.009

Figure 4.4. Fullness responses from post-breakfast and pre-lunch time points by
breakfast condition
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CHAPTER 5 SUMMARY AND FUTURE DIRECTIONS

5.1 Research summary
The obesity prevalence in American children ages 2-19 is currently 17% [4].
As rates of obesity increase as children age, interventions should be targeted to young
children to prevent excess weight gain. In addition, nutrition and eating behaviors
track from the preschool years through adulthood, so it is vital to instill healthy
behaviors and nutritional intake early on.
This research first tested a novel tool for assessing fullness feelings in 4-5
year-old children. This tool was acceptable to the children as there were few refusals,
and children consistently reported greater feelings of fullness after an eating occasion
compared to before the eating occasion. However, neither gram intake nor energy
intake was associated with changes in fullness ratings or final fullness ratings,
shedding doubt on whether these children could discern between each of the four
fullness ratings. It is possible that the children only understood the difference between
‘full’ and ‘empty’, but further research in this area is needed.
The second study was designed to evaluate the effects of high protein, high
fiber and combined high protein/high fiber breakfasts on feelings of fullness, diet
quality and memory in 4-5 year-old children attending Head Start. In this study,
intervention breakfasts were served for one week each and contained approximately
twice the protein of the usual breakfast (for the high protein and high protein/high
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fiber breakfasts), and over four times the fiber compared to the usual breakfast (for
the high fiber and high protein/high fiber breakfasts). Protein could not be increased
beyond this amount due to the breakfast guidelines that were used at the preschools.
Participants had one baseline week during which the usual breakfast was served,
followed by four one-week rotations through the three intervention breakfasts and
usual breakfast served at the preschool (control). Each day children reported their
fullness feelings before and after breakfast and before lunch. Intake was estimated by
study staff, which was done at all breakfasts and for lunch and dinner on Wednesday
only. Short-term memory recall was assessed through the novel object test (NOT)
each Thursday before lunch.
Fullness responses did not vary by breakfast type or by weight group.
Children consistently reported feeling more full after breakfast compared to before
breakfast and before lunch. However, children had decreased energy intake at the
intervention breakfasts, although there was no difference in energy intake over the
school day. This is interesting as the lower energy intake did not affect fullness
ratings. Children did have higher fiber intake at all three intervention breakfasts
compared to control, but protein intake was not significantly higher than usual. This
was likely in part due to the difficulty in providing high amounts of protein while
adhering to the required guidelines and partly due to the foods the children chose to
eat. It is possible that fullness ratings may have been affected if protein intake had
been higher, but more research is needed to determine if increased protein will affect
preschoolers’ fullness reports.
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Diet quality was calculated with the RC-DQI, a measure of foods and
nutrients that are important for growth and have been recognized as important to
promote or exclude or reduce in children’s diets. There were differences in several
RC-DQI component scores, including lower added sugar, and fat, and higher whole
grains, DHA, and EPA. Overall diet quality scores were higher for the high protein
and high fiber breakfasts compared to the usual breakfast and the high protein/high
fiber breakfast. However, these scores were only calculated for one part of one day,
while the gold standard is an average from one weekday (Mon-Thu) and one weekend
day (Fri-Sun).
Data from the memory test suggest no association between breakfast type and
short-term memory. There were no learning effects or tiring effects during the
intervention weeks, and nutrient intake also had no association with memory scores.
However, this study only evaluated one measure of cognition and it is possible
increased fiber and protein may have an effect on other measures. This test was also
conducted only once after breakfast, so any differences in memory decline could not
have been observed.
While these data provide information for a novel population there are many
limitations to consider. First, results from both studies indicate that there was no
correlation between gram or energy intake and change in scores or final scores. It is
possible that a correlation would have been seen if children had answered the
questions at a later time when satiety would have been higher, or if the children had
eaten by themselves and not been influenced by other children or teachers. These data
raise doubts that the children were accurate in their reporting and could discern the
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difference between each of the four responses. Second, there was no marker of
acceptability of the intervention foods and no data were collected on liking due to the
extra time these questions would take. In addition, dietary data were only collected
for one partial day, when the RC-DQI is designed for average total day intake. This
may have skewed results, especially since diet quality is usually calculated from a
two-day average due to the variability between days. Finally, results from the
memory test only provide information for one time point so results cannot be
generalized to the effects of these intervention breakfasts over the course of the
school day.
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5.2 Future directions

Future research should focus on obtaining self-reported measures of appetite
from this population. Although our tool was acceptable to 4-5 year old children, the
lack of correlation between intake and changes in scores and post-meal scores is
troubling. It is possible that the children could not differentiate between the four
fullness responses, and if so, another tool must be created or training can be done to
help children better understand the tool and what it represents. This could be done by
providing children with increasingly larger amounts of foods and then asking them to
report their feelings of fullness. This type of training would allow children to
experience different amounts of fullness and associate them with each of the four
responses on the survey. However, measuring one component of appetite is not
enough, and tools should be developed to obtain information on hunger and desire to
eat in order to gain a better understanding of appetite in young children.
Liking scales for intervention foods should also be included in future study
designs. These scales are simple for preschool children, and contain three faces
representing ‘yucky’, ‘ok’, and ‘yummy’ and can be implemented without training. It
is important to determine whether children eat less because they are actually feeling
more full or because they dislike the food and are disinclined to eat. The foods
provided at the subsequent meals should also be standardized so that children are not
consuming more of a highly liked food at one lunch but not at another lunch so that
intake over the course of the day can be observed in relation to the breakfast itself. In
addition, a breakfast meal that is similar to the usual breakfasts but incorporates new

111
foods should also be used as a control rather than the usual breakfast that contains
foods the children are already very familiar with.
Dietary intake should be taken for at least two days during each week, rather
than the one day of data that was collected in this study. While intake over the school
day is useful, the RC-DQI is meant for a two day average intake and two days would
provide more accurate data due to daily variability in intake. However, it is difficult
for parents of young children to complete the diet record forms due to the constraints
on their time, so perhaps higher compensation would be needed to collect this
information. It would also be useful to have a training session with parents to instruct
them on how to use the food amounts booklet and diet record forms so that all parents
can be educated at once.
The effect of incorporating high protein and/or high fiber foods in all meals on
feelings of fullness and energy intake should also be assessed. Manipulating lunch
and snack foods would provide interesting data on how children compensate for
decreased energy intake at breakfast, or if they would compensate at all. Research on
the effects of fullness on measures of cognition should also be explored. It would be
useful to observe whether there is a difference in intake over the day between children
with healthy BMI, and those who are overweight or obese. In addition, if there is an
effect long-term studies utilizing this design should be employed. There are currently
no data available on the long-term effects of high protein and/or high fiber meals in
young children and if this type of intervention does have an effect on BMI it would be
a simple intervention that would be easily employed in other preschools. Research
designed to evaluate either/both changes in BMI and cognitive measures should also
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be designed with varying amounts of protein and fiber to assess whether there is a
threshold, after which additional amounts would have no effect.
Future research should also assess more measures of cognition as well as
behaviors associated with better school performance, such as behavioral inhibition. It
is unlikely that all nutrients will affect all measures of cognition, or affect them all to
the same degree, so it is important that other measures are evaluated to better
understand the effects of breakfast content. Timing of the eating occasions should
also be assessed for potential benefits as some research suggests that certain nutrients
or foods will result in changes in certain measures of cognition when testing is done
at certain times but not at others. In addition, testing must be conducted throughout
the morning to ascertain any changes in effects over time. These findings should be
further explored using animal models to ascertain pathways underlying these effects.
The eventual goal would be to recommend a nutrient profile that is the most
efficacious in enhancing measures associated with learning and school performance.
Currently, breakfast guidelines for preschools are very general and include only food
and food groups, leaving them open to interpretation by preschool staff. This
vagueness results in breakfasts that vary widely in energy and nutrient content, and
more specificity in these guidelines would be useful in providing healthier and
energy-appropriate meals for this population.
Although this study had relatively few overweight and obese participants’
differences in appetite ratings between children of different weight status after
breakfasts of varying nutrient content should be evaluated. Since those with higher
BMI are more likely to work more for food and place a higher reward they may not
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be influenced by greater feelings of fullness, so other options (such as smaller portion
sizes, etc.) should be explored for this population. Analyses of possible threshold
values should also be separated by weight status to determine if there is a difference
between those with healthy weight and overweight/obese.
Ideally, we would already understand the biological mechanisms underlying
changes in measures of cognition caused by consuming different foods/nutrients;
however, this is not the case. While there is some support for a low-glycemic meal
leading to benefits in performance on cognitive tests the reason for this benefit is
unclear. Animal models should be used to further our understanding of the effects of
glucose on the brain and the duration of these effects in order to design the most
beneficial meals.
If the overall goal is to reduce obesity prevalence nutrition and physical
activity must both be targeted. Implementing a school-based breakfast program with
meals high in protein and/or fiber would be an appropriate venue for this type of
research. Factors affecting cognition, especially memory and attention, could be
assessed throughout the school year in a classroom setting while exercise activities
could be organized during recess and after school. Ideally, this type of program would
continue through the summer at a day camp setting for half of the children to
ascertain whether any effects would persist beyond the academic year.
In conclusion, this research provides a necessary first step in understanding
how the composition of breakfast influences feelings of fullness and memory in
young children. Future research will provide additional insight into these areas,
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incorporating additional measures of cognition and evaluating possible long-term
effects while discovering mechanisms underlying these effects.
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Appendix A
Publication: The effects of increased dietary fiber intake on the self-reported quality of
life of school-age children
Reprinted from Health, 2014, 6(1):115-122 with permission.
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Appendix B
Publication: Effect of high fiber snacks on digestive function and diet quality in a sample
of school-age children.
Reprinted from Nutrition Journal, 2013 12(153) with permission.
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Appendix C
Publication: Sources of Dietary Fiber and the Association of Fiber Intake with Childhood
Obesity Risk (in 2–18 Year Olds) and Diabetes Risk of Adolescents 12–18 Year Olds:
NHANES 2003–2006

Reprinted from Journal of Nutrition and Metabolism, 2012 with permission.
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Study consent forms for pilot and breakfast study.
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RESEARCH PARTICIPANT CONSENT FORM
Assessing feelings of hunger in preschool-age children
Sibylle Kranz, PhD, RD
Purdue University
Department of Nutrition Science

Purpose of Research
We conduct research to gain better understanding of whether preschool-age children can
report on their feelings of fullness/hunger. With the growing rates of overweight and
obesity, it is important to find which foods can make children feel full for longer, but in
order to determine this we must first evaluate how children can report on their feelings of
hunger. We hope to add to this knowledge by testing a 2 question survey that preschool
children can use to report how hungry/full they feel.

Specific Procedures
Participants in this study are children ages 4-5 years old attending the Ben and Maxine
Miller Child Development Laboratory School or Right Steps Child Development Centers
at Wabash Landing or Ferry Street. Before the first day of data collection, you will
complete a survey
about your child’s socio-demographic background. It will take about 3-5 minutes to
complete this questionnaire. At the end of this consent form you will be asked if you
would allow to us to take pictures of your child during the study. These pictures will be
Parent/guardian initials/date: ______________________
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used in research presentations and on the website for Dr. Kranz’s lab to show the type of
research that is conducted by the lab members. If you choose ’no’, your child will not be
shown in these pictures. You may choose to allow your child to participate in the study
but choose not to have them in pictures. Before the study, your child will hear a story
about hunger and fullness so he/she is familiar with the concepts and how they relate to
the size of their tummies. Toys in the room may also be used to relate this concept. This
study lasts for one week and each day before and after morning or afternoon snack your
child will be asked a 2 question survey about how hungry or full they feel. Researchers
will then observe whether your child decides to eat the snack, and if he/she chooses to eat
the researchers will visually estimate how much your child has eaten.
Duration of Participation
The study will last a total of 1 week. Each day your child will answer 2 questions about
their feelings of hunger/fullness before and after snack and will be observed as they eat
their snack.
Eligibility
Children ages 4-5 years old in participating classrooms are eligible to participate.
Children are not eligible if they have food allergies or digestive disorders, or are on
medication that affects their appetite (e.g., ADHD medications) or do not eat foods
provided by the preschool.

Parent/guardian initials/date: ______________________
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Risks
The risks of this study do not go beyond the risk of everyday life. There is a risk of
breach of confidentiality. However, safeguards are in place to minimize this risk as
outlined in the confidentiality section.
Benefits
There are no direct benefits to your child. The possible benefit to society is that the
results of this study will give an indication if children in this age group are able to selfreport on their feelings of fullness/hunger.
Compensation
There is no monetary compensation for this study. However, your child will receive a
finger puppet upon completion of the study.
Confidentiality
All personal information associated with this project will be kept confidential, in a locked
file cabinet in Dr. Kranz’ lab at Purdue University. The personal identifiers will be
removed from the data files. It is possible that the data will be used to answer future
research questions. The project's research records may be reviewed by departments at
Purdue University responsible for regulatory and research oversight.
Voluntary Nature of Participation
You and your child do not have to participate in this research project. If you and your
child agree to participate, you can withdraw from participation at any time without
penalty.

Parent/guardian initials/date: ______________________
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Contact Information:
If you have any questions about this research project, you can contact Dr. Sibylle Kranz
by telephone at (765) 494-6758 or by email at kranz@purdue.edu. If you have concerns
about the treatment of research participants, you can contact the Institutional Review
Board at Purdue University, Ernest C. Young Hall, Room 1032, 155 S. Grant St., West
Lafayette, IN 47907-2114. The phone number for the Board is (765) 494-5942. The
email address is irb@purdue.edu.
Photo Consent
I will allow photos to be taken of my child during this study. These photos may be used
for posters/presentations or on the KranzLab website. (please check one)
Yes

No

Documentation of Informed Consent
I have had the opportunity to read this consent form and have the research study
explained. I have had the opportunity to ask questions about the research project and my
questions have been answered. I am prepared to participate in the research project
described above. I will receive a copy of this consent form after I sign it.
Participant (Child’s) Name: ____________

Child’s Teacher: _________________

__________________________________________
Participant’s parent/guardian signature

_______________
Date

__________________________________________
Participant’s parent/guardian signature (printed)
_________________________________________
Participant’s parent/guardian signature (optional)
_________________________________________
Participant’s parent/guardian signature (printed)
_________________________________________
Researcher’s signature

________________
Date
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RESEARCH PARTICIPANT CONSENT FORM
Breakfast consumption in preschoolers: satiety, diet quality and memory
Sibylle Kranz, PhD, RD
Purdue University
Department of Nutrition Science

Purpose of Research

We conduct research to gain better understanding of the effects of three different
breakfast types on children’s feelings of fullness, diet quality and memory. In the past,
research has shown that breakfast eating has beneficial effects. We hope to add to this
knowledge by examining the effects of consuming different types of breakfast types,
high-protein, high-fiber, or both compared to the usual breakfast.
Specific Procedures

Participants in this study are children ages 4-5 years old attending Bauer Family
Resources. Before the first day of data collection, you will complete a survey about your
child’s socio-demographic background. It will take about 3-5 minutes to complete this
questionnaire. At the end of this consent form you will be asked if you would allow to us
to take pictures of your child during the study. These pictures will be used in research
presentations and on the website for Dr. Kranz’s lab to show the type of research that is
conducted by the lab members. If you choose ’no’, your child will not be shown in these
pictures. You may choose to allow your child to participate in the study but choose not to
have them in pictures.
Parent/guardian initials/date: ______________________

171
During this study your child will be asked to eat four different breakfast types:
high-protein/high-fiber, high-protein, high-fiber and the usual breakfast served at
preschool. Your child will rotate through the four different breakfast types and each
breakfast type will be served for one week (with different foods each day) with a one
week break in between each breakfast type where your child will eat the usual preschool
breakfasts. All breakfasts will be served at the preschool and follow the diet guidelines of
the preschool. Diet information will be collected at the beginning of the study and during
each one week breakfast period using 24 hour recalls. The 24 hour recalls will be
completed by research assistants from Purdue University who will ask you to turn in a list
of foods your child ate the day before. These recalls will take approximately 10 minutes
to complete since you will only report food/drinks consumed by your child outside
preschool. There will be a total of five 24 recalls: one at the beginning of the study, and
one during each breakfast week. Research assistants from Purdue University will estimate
the portion size provided and amount of foods and beverages consumed by your child in
preschool at the beginning of the study and during each breakfast period and measure the
diet quality of your child.
Your child will be asked to report his/her feelings of fullness (satiety) before and
after snack and before lunch which will take about 1 minute each time. Before they
answer these questions, your child will hear a story about hunger and fullness so your
child will understand what the questions are asking. Your child will also complete a test
of their memory at the beginning of the study and once during each breakfast period,
Parent/guardian initials/date: ______________________
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which will take less than 5 minutes to complete. This memory test will involve asking
your child to memorize the names of new objects to determine how well they remember
them. We will measure height, weight and percent body fat of your child at the beginning
of the study and at the beginning of the second and fourth breakfast weeks. Body fat will
be measured by Bioelectrical Impedance Analysis (BIA) test, a painless, non-invasive
test. The height and weight measurements will each take about 3-5 minutes and the BIA
test will take approximately 5 minutes.
Duration of Participation

The study will last a total of 7 weeks. We will ask you to complete one partial 24 hour
recall at the beginning of the study and one during each breakfast week. The partial 24
hour recalls will take less than 10 minutes to complete, and you will write down
foods/drinks and the amounts your child ate outside of preschool. Your child will be
asked to report on his/her feelings of fullness (satiety) before lunch and to complete a
“game” to assess their memory at the beginning of the study and at the end of each
intervention period. Each test will take approximately 5 minutes to complete. We will
measure your child’s height, weight and percent body fat (with the BIA test) at the
beginning of the study and at weeks 3 and 7 of the study. The height and weight
measurements will each take about 3-5 minutes and the BIA test will take approximately
5 minutes.
Eligibility
Children ages 4-5 years old attending Bauer Family Resources are eligible. Children must
have no food allergies or digestive disorders and not take mediations that affect their
appetite.

Parent/guardian initials/date: ______________________
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Risks

The risks of this study do not go beyond the risk of everyday life. There is a risk of
breach of confidentiality. However, safeguards are in place to minimize this risk as
outlined in the confidentiality section. There are risks of bloating, change in bowel habits
and flatulence because of the high fiber breakfast.
Benefits
Your child may benefit by having increased feelings of fullness, better diet quality and memory
during the study breakfast periods. The possible benefits to society are providing new knowledge
about the effects of adding protein and fiber to children’s breakfast.

Compensation
Children and parent dyads will receive a monetary incentive to participate in the study of
up to $55 for completing all study activities. Children will receive $5 for each week they
consume on average 50% of the breakfast foods or more and play the memory game for a
maximum of $25. They will receive approximately $5 in toys each time they complete
the satiety “questionnaire” each day that week. Each time they complete the
height/weight measures children will receive approximately $5 worth of toys. Toys will
mainly consist of art supplies, including coloring books, crayons, stickers, etc. Each time
parents complete each partial 24 hour recall they receive $5 for a total of $25 and an
additional $5 for completing both the breakfast survey and demographics survey.
Payment will be sent as a check to your home addressed to your child. Children or
Parent/guardian initials/date: ______________________
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parents not completing the questionnaires, partial diet recalls or eating the study foods
will be paid only for the questionnaires and partial diet recalls they completed and
breakfasts they consumed. A child must consume on average 50% of the breakfast or
more over the week in order to be paid for that week (eg, if the child chooses not to eat
one day but consumes all their breakfast another day they would still be paid). If a
child/parent decides to drop out of the study early, they will be paid for all study
procedures they have completed.
Donation
Head Start will receive $50/week for a total of $400 (7 weeks of study + one week
baseline measures) for child education materials to compensate for the disruption of their
routine due to our recruitment and data collection efforts.
Confidentiality
All personal information associated with this project will be kept confidential, in a locked file
cabinet in Dr. Kranz’ lab at Purdue University. The personal identifiers will be removed from the
data files. It is possible that the data will be used to answer future research questions. The
project's research records may be reviewed by departments at Purdue University responsible for
regulatory and research oversight.
Voluntary Nature of Participation
You and your child do not have to participate in this research project. If you and your child agree
to participate, you can withdraw from participation at any time without penalty.

Contact Information:
If you have any questions about this research project, you can contact Dr. Sibylle Kranz
by telephone at (765) 494-6758 or by email at kranz@purdue.edu. If you have concerns
Parent/guardian initials/date: ______________________
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about the treatment of research participants, you can contact the Institutional Review
Board at Purdue University, Ernest C. Young Hall, Room 1032, 155 S. Grant St., West
Lafayette, IN 47907-2114. The phone number for the Board is (765) 494-5942. The
email address is irb@purdue.edu.
Photo Consent
I will allow photos to be taken of my child during this study. These photos may be used
for posters/presentations or on the KranzLab website. (please check one)
Yes

No

Documentation of Informed Consent
I have had the opportunity to read this consent form and have the research study
explained. I have had the opportunity to ask questions about the research project and my
questions have been answered. I am prepared to participate in the research project
described above. I will receive a copy of this consent form after I sign it.
Participant (Child’s) Name: ____________

Child’s Teacher: _________________

__________________________________________
Participant’s parent/guardian signature

_______________
Date

__________________________________________
Participant’s parent/guardian signature (printed)
_________________________________________
Participant’s parent/guardian signature (optional)
_________________________________________
Participant’s parent/guardian signature (printed)
_________________________________________
Researcher’s signature

________________
Date
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Appendix E
Procedures for breakfast study
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Procedures by Day
General Overview
Training:
Each person must attend at least ONE training session before going to the preschool.
Training sessions will include an overview of procedures and specific training as
appropriate. There are many training options available, and as soon as you decide which
you would like to attend please email Mary Brauchla (mbrauchl@purdue.edu) so she can
have materials ready for you.
For those who must be trained in the DOCC and the novel objects test, training sessions
will be done during the first two weeks to ensure accuracy of data collection. You must
attend at least one training session during the first week. Additional training sessions will
be held during the second week of classes and all staff members are required to attend at
least 2 training sessions during the first two weeks (4 sessions if the staff member must
be trained in both novel objects test and the DOCC). Additional trainings will be
scheduled as needed (ie, refresher courses during the final weeks, or additional sessions if
individuals are having trouble).
Dress code:
Please make sure you wear clothing that you can move around in (no low-cut pants or
tops). You should dress casually (jeans are fine) in comfortable shoes since we will be
standing for the entire time. Do not wear any clothing with questionable logos or
messages written on them as this could upset parents and teachers. For the first two
weeks, you should wear a Purdue sweatshirt/t-shirt if you have it so that the teachers will
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know you are there for the study. If you don’t have a Purdue shirt that’s fine; wearing one
just makes it easier for the teachers to identify us.
Be pleasant and respectful at all times – we are only able to complete this research
because the teachers have allowed us in their classrooms. Remember that your behavior
and dress reflect Purdue University!
Monday/Wednesday/Thursday 8:30-10:20 (DOCC)
Arrive at Stone Hall at the entrance facing Stewart Center and Memorial Mall at 8:30
AM. The van/car will be parked in the oval and we will leave immediately. It will take
15-20 minutes to get to the preschool, and on the way you can look over the study binder
to re-familiarize yourself with the survey/data collection sheet/etc. When you arrive in
the preschool sign in at the front desk (Eisenhower location) or the table in the front hall
(Coppergate location). When you enter the classroom go to the sink and wash your hands.
The children will arrive between 9:00-9:15 and must sign in when they arrive. They will
start breakfast at 9:15. On Mondays ONLY, the story will be read to the children before
they begin breakfast. Any staff member can read the story to the class (children not
participating in the study can still listen to the story).
The children will eat breakfast at 9:15 AM. As the children prepare to eat breakfast (they
line up to wash hands, etc) staff will ask each child the 2 question survey about their
feelings of hunger and fullness. It is best to split up and each ask 2-4 children –
remember to communicate with other staff members so that no one is missed! If we are
providing breakfast that day, we will portion the food out for the children. Each breakfast
includes 2-3 foods + milk and all food amounts to be served can be found in your binder
and measuring cups will be provided when we are serving breakfast.
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When the children sit down to eat begin recording on the DOCC information sheet.
Remember, we CANNOT put the children’s names on this sheet, only their ID number.
Instead, under description you can write reminders to yourself about which child(ren) you
are watching. Eg, you may write ‘purple sweatshirt’ or ‘pigtails with ribbons’ so you can
keep the ID numbers with the correct children. There will be a list of the children’s
names and id numbers in your binder to help you with this. If you are recording intake on
a day when we are providing breakfast the foods and original serving amounts will
already be written on your DOCC sheet. Continue to observe the children and record any
second helpings, food dropped on the floor, etc. Make sure to record how much the child
consumed AND/OR how much was left after the child was done eating. After the child is
finished, remember to ask him/her the 2 question survey again and record the answers.
You do not need to record both pre- and post- survey responses for the same children, but
make sure to communicate with other staff members so that everyone is asked the survey
questions.
We will leave as soon as the children have finished the post-breakfast survey questions.
Remember to thank the teachers as you leave.
Tuesday 8:30-10:20 AM
Procedures will be identical to the Mon/Weds/Thurs 8:30 (please see above)but during
baseline week the story will also be read to the children before breakfast.
We will also do anthropomentric measurements with the children during baseline week,
week 3 and week 7 on Tuesday mornings. This means that we will bring the scales,
stadiometers and toys from Purdue and bring them to the classrooms. As the children
arrive, we will immediately help them take off their boots/shoes/socks and get their
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height (first) then weight and body fat (second). One staff member should assist children
with removing their footwear, another should measure height, another should measure
weight/body fat, and another should be in charge of giving toys. Children receive a toy
for completing this task and as they choose their toy the staff member should write their
name on it (these will be coloring books, markers, etc) and tell the child that they MUST
put the toy in their cubby immediately. The same person should do each job each week,
so if you start off taking height then you should continue to do that each time if possible.
The majority of anthropometrics should be completed between 9-9:15, before the prebreakfast surveys are done. Any children who still need anthropometrics will have then
done immediately following breakfast.
Monday/Tuesday 11:30 AM -12:20 PM
Arrive at Stone Hall at the entrance facing Stewart Center and Memorial Mall at 11:30
AM. The van/car will be parked in the oval and we will leave immediately. It will take
15-20 minutes to get to the preschool, and on the way you can look over the study binder
to re-familiarize yourself with the survey/data collection sheet/etc. When you arrive in
the preschool sign in at the front desk (Eisenhower location) or the table in the front hall
(Coppergate location). When you enter the classroom go to the sink and wash your hands.
The children eat lunch at 12 noon. As the children line up to wash hands we will ask each
child the 2 question survey about hunger and fullness and record the answers. Remember
to communicate with other staff members so that we ask every child and don’t ask any
child twice. As soon as each child has completed the survey we will leave the classroom.
Remember to thank the teachers as we leave.
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On Tuesdays ONLY we will place the forms and food amount booklets for the parents to
record what the children eat on Wednesday in the children’s cubbies. This can be done by
one staff member while the others are asking the children the 2 question survey. We will
also remind children to tell their parents that they must write down what the child
eats/drinks the next day in order to earn their $5 for the week.
Wednesday 11:30 AM – 1:00 PM
Arrive at Stone Hall at the entrance facing Stewart Center and Memorial Mall at 11:30
AM. The van/car will be parked in the oval and we will leave immediately. It will take
15-20 minutes to get to the preschool, and on the way you can look over the study binder
to re-familiarize yourself with the survey/data collection sheet/etc. When you arrive in
the preschool sign in at the front desk (Eisenhower location) or the table in the front hall
(Coppergate location). When you enter the classroom go to the sink and wash your hands.
The children will eat lunch at 12 noon. As the children prepare to eat lunch (they line up
to wash hands, etc) staff will ask each child the 2 question survey about their feelings of
hunger and fullness. It is best to split up and each ask 2-4 children – remember to
communicate with other staff members so that no one is missed!
When the children sit down to eat begin recording on the DOCC information sheet.
Remember, we CANNOT put the children’s names on this sheet, only their ID number.
Instead, under description you can write reminders to yourself about which child(ren) you
are watching. eg, you may write ‘purple sweatshirt’ or ‘pigtails with ribbons’ so you can
keep the ID numbers with the correct children. There will be a list of the children’s
names and id numbers in your binder to help you with this. The foods and amounts
served should already be marked on your DOCC sheet but you should check and ensure
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that the foods and amounts served are consistent with what is on your sheet as the menu
may change without notice. Continue to observe the children and record any second
helpings, food dropped on the floor, etc. Make sure to record how much the child
consumed AND/OR how much was left after the child was done eating. We do NOT
need to ask the 2 question survey after lunch.
We will leave as soon as the children have finished the post-lunch survey questions.
Remember to thank the teachers as you leave.

Wednesday 2:00 PM – 3:20 PM
Arrive at Stone Hall at the entrance facing Stewart Center and Memorial Mall at 2 PM.
The van/car will be parked in the oval and we will leave immediately. It will take 15-20
minutes to get to the preschool, and on the way you can look over the study binder to refamiliarize yourself with the survey/data collection sheet/etc. When you arrive in the
preschool sign in at the front desk (Eisenhower location) or the table in the front hall
(Coppergate location). When you enter the classroom go to the sink and wash your hands.
The children will eat snack at 2:30 PM. We do NOT ask the children the 2 question
survey before or after snack.
When the children sit down to eat begin recording on the DOCC information sheet.
Remember, we CANNOT put the children’s names on this sheet, only their ID number.
Instead, under description you can write reminders to yourself about which child(ren) you
are watching. Eg, you may write ‘purple sweatshirt’ or ‘pigtails with ribbons’ so you can
keep the ID numbers with the correct children. There will be a list of the children’s
names and id numbers in your binder to help you with this. The foods and amounts
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served should already be marked on your DOCC sheet but you should check and ensure
that the foods and amounts served are consistent with what is on your sheet as the menu
may change without notice. Snack usually consists of two foods and milk, so this will be
one of the easier meals to record. Continue to observe the children and record any second
helpings, food dropped on the floor, etc. Make sure to record how much the child
consumed AND/OR how much was left after the child was done eating.
We will leave as soon as the children have finished snack. Remember to thank the
teachers as you leave.

Thursday 11:00 – 12:20 PM
Arrive at Stone Hall at the entrance facing Stewart Center and Memorial Mall at 11 AM.
The van/car will be parked in the oval and we will leave immediately. It will take 15-20
minutes to get to the preschool, and on the way you can look over the study binder to refamiliarize yourself with the objects/object names/etc. When you arrive in the preschool
sign in at the front desk (Eisenhower location) or the table in the front hall (Coppergate
location). When you enter the classroom go to the sink and wash your hands.
For this visit we will bring the materials for the novel objects test and the toys from
Purdue. The novel object tests will take place between 11:30 AM and 12 noon (which is
when the children eat lunch). Set up your objects, datasheets and timer at a table before
calling a child over. Once you have everything set up, you can begin calling the children
on your list in order. If one child is unavailable (eg, in the bathroom) go on to the next
child and come back to the first child as soon as the second has finished the test. Feel free
to ask the teachers to point out the children if you do not remember them from the
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previous week. Each novel object test should take less than 5 minutes. Mark the child’s
responses on the data collection sheet as you go. When the child is finished, thank them
and make sure they return to the group.
Lunch will begin at 12 noon and the 2 question survey about hunger/fullness must be
done before then. As the children prepare to eat lunch (they line up to wash hands, etc)
staff will ask each child the 2 question survey about their feelings of hunger and fullness.
It is best to split up and each ask 2-4 children – remember to communicate with other
staff members so that no one is missed!
During this visit, we can also check to see if any parents have returned their forms listing
what their child ate/drank the day before. If so, collect these forms and bring them back
to the lab.
We will also have a list of who has been completing their surveys all week, for which the
children receive a toy. As soon as a child has completed the pre-lunch survey a staff
member can place a toy in their cubby for them to take home. As soon as surveys are
completed and the toys have been distributed we will leave (thanking the teachers as we
go).
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DOCC Procedures
(DOCC will be done during the 8:30 sessions every morning and at ALL Wednesday
sessions)
1) Review the DOCC Observation Forms on the way to the preschool. The center
name, date, and meal will already be printed on your form; please double-check
these to make sure they are correct. If incorrect, draw a line through the incorrect
information and write in the correct information. Then, add your initials and date
so it is clear who made the change.

2) Communicate with other staff members to decide which children you will observe.
Generally, children participating in the study will be seated together so you can
simply wait until the children are seated and observe a group of 3 that is seated
together. If the children sit quickly and you do not yet know their ID numbers that
is fine; just write a description of the child in the ‘Description’ area (ie, ‘blue tshirt’, or ‘red hair bow’) and keep track of their servings. You can write in the ID
as you observe (ask staff around you if you do not know the child’s name). There
is a list of the participants and their IDs at the front of your binder for this purpose.
Remember, YOU CANNOT WRITE THE CHILD’S NAME ON THE DOCC
FORM – ONLY THEIR ID NUMBER.

3) Make sure to write your name after ‘Observer’ at the top of the form.

4) DOCC will begin after the child has answered the 2 question survey (for all meals
EXCEPT Wednesday afternoon snack). The foods/beverages and amounts that
will be served will already be printed on your form. As you wait for the children
to be seated, check the food/beverages and amounts printed on the DOCC form
with what is being served. If we are providing the breakfast the amounts will be
measured correctly but at other meals this may not be the case. In addition, foods
from the menu may be replaced without notice depending on what is available. If
something is incorrect on your form, just draw a line through the incorrect
information and write the correct information above it. You do not need to initial
and date these changes.
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5) The ‘Description’ box is for any additional information about that food/beverage.
For example, if a child was given apples that were peeled you could put ‘peeled’
in this box. We also have one child at the Coppergate location that will be
drinking soy milk (that I know of) so this would also be added in the ‘Description’
box. If we are providing breakfast you will not generally need to fill in extra
information in this box (with the exception of the soy milk), as we know exactly
what we are serving the children. However, at all other meals a description is very
helpful.

6) Remember to note the ‘Meal start time’ at the top of the DOCC Observation Form.
This is the time that the meal began, and not necessarily the time that ALL
children begin the meal. To record the time that each child began eating, record
the time in the ‘start time’ area for each child.

7) As the child eats, feel free to add notes about the meal on page 2 of the Diet
Observation Form. These notes could include illness, the child dropping food, or
any other factor that might affect intake. Often, there is no need for extra notes so
if the second page is blank that is not an issue.

8) If the child receives additional helpings of a food/beverage record them in the box
‘Amount +/-‘.

9) At the end of the meal, record how much of the food/beverage was left in the
‘Amount Remaining’ box AND/OR write how much the child consumed in the
‘Amount Consumed’ box. It is helpful if these are both filled in, but the intake
calculations can be made with only one box filled in. An appropriate time to NOT
fill in one box would be if the child was served ½ cup of a food and only 1
tablespoon remained and you couldn’t remember how many tablespoons were in
½ cup to calculate the amount consumed. Otherwise, both the ‘Amount
Remaining’ and ‘Amount Consumed’ boxes should be completed.

10) When the child finishes record his/her time in the ‘End time’ space. This should
NOT be confused with the ‘Meal end time’ at the top of the DOCC form, as this is
the end time for the last child eating. Make sure to fill in the Meal end time, even
if it is after your children are finished.
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11) Finally, make sure all information is entered on the DOCC Observation Form
(observer, all start/end times for participants, meal start/end time, notes, etc.). You
can keep this form in your binder and I will take it out for data entry later.

12) If you are recording intake for breakfast, you can ask the child the 2 question
survey about their hunger/fullness after the child is done eating.

SEE DOCC OBSERVATION FORM ON THE NEXT PAGE
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DIET OBSERVATION FORM

Page ___ of ____

Center Name:_________________

Date: _____/______/______

Observer: _____________________

Meal: ________________________

Meal start time: _______________

Meal end time: ________________

Food

Description

Item

Amount

Amount

Amount

Amount

Served

+/-

Remaining

Consumed

Child ID: ________
Description:_______________________________
Start time:______________

End time: ___________________

Child ID: ________
Description:_______________________________
Start time:______________

DIET OBSERVATION FORM

End time: ___________________

- NOTES

Page ___ of ____
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Child Care Center Name: _____________________________________________
Child ID: ____________
NOTES:

Child ID: ____________
NOTES:

Child ID: ____________
NOTES:
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Novel Object Test Procedures
Set up:
There will be one ‘master list’ per classroom that will be on a clipboard. Decide which
staff member will have this list near them (so we do not leave it out in the classroom).
Each staff member will be given a bag with:








1 tablecloth
1 timer
Set of ‘novel objects’ (there will be 3 sets for baseline week, and 1 set for every
other study week). These will be blocks glued together in different shapes and
painted different colors.
Key for novel objects that includes order of presentation
Data collection sheet
Pen

Set up your table (or use the preschool’s table) in a corner away from the center of the
room and bring over a chair for the child to sit. Place the tablecloth over the table with
the larger portion coming down on the child’s side so that he/she can’t look under the
table. Place your timer on the table. Arrange the novel objects below the table out of sight
of the child.
Procedures:
Check the ‘master list’ to see which child is next. Call the child over to your table – if
you do not know the child by sight, feel free to ask a teacher to point them out to you.
Once the child is with you, initial on the master list to confirm that the child is doing the
test.
Seat the child opposite you at the table. To ask if the child wants to play the game:
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I’d like to play a game where we try to remember the names of new things. Would you
like to play this game with me?
(Spanish) Me gustaría jugar un juego en el que tratamos de recordar los nombres de
cosas nuevas. ¿Te gustaría jugar este juego conmigo?
If the child says no, tell them that it is ok to say no but they will lose $5 for the week. If
the child refuses 3 times make a note on the data collection sheet that the child refused,
bring the child back to the group and call the next child. Tell the child that in this game,
you will show them new toys and see if they remember the names of the new toys.
If the child agrees, start the timer as you take the first object from under the table. You
will show each object to the child in the same order that the objects are listed on the sheet
in the bag. When you present an object, you must state the nonsense name a total of 4
times. Use the following EACH TIME WITH NO DEVIATION:
This is a ____________! Look at the ____________ It’s an interesting ____________
Do you like the ________? Would you like to hold the ____________?
(Spanish) Esto es un/una ______. Mira el/la ______. Es un/una _______ interesante. Te
gusta el/la _______ ? Quieres coger el/la ________?
Each object will be shown to the child for 20 SECONDS ONLY which is why you have
the timer. As you say the words above, hold the object out to the child so they can see it
at different angles. Allow the child to hold the object, and at about 18 seconds, ask for the
toy back so you can show them the next object. If the child is reluctant to give the toy
back, tell them they MUST to finish the game. If the child sees the toy for longer than 30
seconds, make a note on the data collection sheet. Place the first object back under the
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table. Then, bring out the next object and repeat the script, and allow the child to
see/handle the object for 20 seconds. Repeat with all remaining objects in that set.
If the child makes comments about the object (eg, ‘it looks like a tree!’) do not say
anything confirming or denying it. Simply say ‘Oh, you think so?’ or ‘that’s interesting’
or another similar response.
After the child has seen all objects in a set, place all objects on the table in front of the
child in the order on the paper. Ask the child if they can identify objects, going in the
order that is on the data collection sheet. Ask the child to identify the objects in the
following way:
Where is the _________? Can you point to the _________?
(Spanish) Donde esta el/la ________? Puedes se~nalar el/la ______?
Give the child up to 20 seconds to respond, then tell them they have to choose or you’ll
move on. If the child chooses incorrectly, write ‘N’ for ‘No’ on the data collection sheet
under that object. If the child chooses correctly, put a ‘Y’ for ‘Yes’ on the data collection
sheet. If the child keeps switching between 2 objects they must choose one – get them to
decide on one. If the child gets it wrong when you ask, but corrects themselves when you
are asking about another object the first answer still stands (same if the child got it right
but wants to change it later).
DO NOT GIVE ANY FEEDBACK ABOUT WHETHER THEIR ANSWER IS
CORRECT OR NOT. Keep a pleasant facial expression and a simple ‘ok’ after the child
identifies an object. If the child asks if they got the correct answer tell them “whatever
you think is right”.
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When the child has finished, thank them and place all objects back under the table. Bring
the child back to the group and look on the master list to see which child should go next.
Repeat these procedures for the next child.
When all children have finished (or are still testing with other staff) clean up your area
and get your black binder ready to take survey data before lunch. You can begin taking
survey data as soon as the children begin to line up to wash hands.

Note: Baseline Week:
Baseline week will have 3 sets of toys so that children don’t ‘test out’ of this as the study
progresses. Follow all procedures as outlined above. Begin with the first set of toys: if the
child gets all of them right then go to the second set of toys. If the child misses one they
are finished – thank them and start testing the next child. If on the second set the child
gets all of them right continue to the third set; if a child misses one on the second set they
are finished – thank them and start testing the next child. There is no time for a fourth set
so whether or not the child correctly identifies all the objects in the 3rd set they are done
after that set.

Script:
I’d like to play a game where we try to remember the names of new things. Would you
like to play this game with me?
This is a ____________! Look at the ____________ It’s an interesting ____________
Do you like the ________? Would you like to hold the ____________?
Where is the _________? Can you point to the _________?

194

Spanish version of script:
To ask the child if he/she wants to play:
Me gustaría jugar un juego en el que tratamos de recordar los nombres de cosas
nuevas. ¿Te gustaría jugar este juego conmigo?
When showing objects:
Esto es un/una ______. Mira el/la ______. Es un/una _______ interesante. Te
gusta el/la _______ ? Quieres coger el/la ________?
When asking child to identify object):
Donde esta el/la ________? Puedes se~nalar el/la ______?
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Procedures – Anthropometrics
Taken on Tuesdays of Baseline, Week 3 and Week 7 ONLY
Note: height and weight can ONLY be taken for children who are study participants!
Upon arrival in the classroom, ask the teacher where she would like you to set up
stadiometer and scale; set these up and place toys next to the scale. Check with other staff
and decide who will be in charge of each task: taking height, taking weight, assisting
children with their shoes/socks, distributing toys, and bringing children to the
height/weight area. Place chipboards with data collection sheets next to the stadiometer.
Ideally, we would like all children to complete anthropometrics BEFORE breakfast; but
if needed, any remaining children can do this immediately following breakfast.
Height:
As participants enter the room, IMMEDIATELY escort them to the stadiometer and help
them off with their shoes/socks. Keeping the lever on the stadiometer out of reach, the
staff member will ask the child to stand on it with their heels ALL THE WAY to the back.
The child should stand tall, but not on their tip toes. Ask the child to look straight ahead
and take their height, slowly moving the blue lever down until it just touches the child’s
head. Look where the red pointer is on the scale, and record the child’s height in feet and
inches to the nearest 1/8 inch (ie, a child 37 inches tall would be ‘3 feet, 1 inch’ tall). Ask
the child to step down and initial the data entry form in the column after ‘Height’ hand
the clipboard with the data to the staff member in charge of the scale.
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Weight/BIA:
Data collection for 4 year olds will ONLY be weight in pounds. All 4 year olds will have
the columns ‘DOB’ and ‘Gender’ grayed out since they will not be used. For 4 year old
children: ask them to stand on the scale and keep their feet centered between the 2 metal
spaces so that their toes and heels touch the metal. The scale will immediately turn on,
and weight will show in pounds. Make sure the child is standing still and record his/her
weight in pounds on the data collection sheet. The scale will automatically turn off after
the child has stepped off the scale. Send the child over to pick out a toy.
Data collection for 5 year olds will include BIA and will involve entering the data on the
data collection sheet. Begin by pressing the ‘Set’ button on the scale as seen below:

You will be given an option of 1, 2, 3, 4 or 5 – these are pre-set options. Press the right
arrow to move to ‘1’ – then press ‘Set’ again. This will allow you to program setting 1. (if
you miss and program another number, it’s no problem – you can use any number). The
scale may already show information for that number but that’s ok – it will change when
you enter the data.
‘DOB’ will flash – press the right and left arrow until the year is correct for the DOB
listed on the data collection sheet. Press ‘set’. Next, the month will flash – press the
arrow keys until you have the month listed on the DOB on the data collection sheet. Press

197
‘set’. Finally, the day will flash – press the arrow keys until you have the day listed on the
DOB on the data collection sheet. Press ‘set’.

Female
Month

Day

The male and female shapes will appear and flash. Use the arrow keys to select male (on
the right) or female (on the left in the dress). Press ‘set’.
Male sign
Feet

Inches

Finally, the height will flash (it will begin with 3 ft, 0 inches, as shown above). Use the
arrow keys to put in the correct height in feet and inches. (Note, we will record height to
the nearest 1/8 inch, but this scale only does ½ inches – it’s ok to round). When you have
entered the correct height, press ‘set’. BEFORE YOU PRESS SET, GET THE CHILD
READY TO STEP ON!
Have the child step on the scale with their feet centered between the 2 metal spaces. Their
toes and heels should each be touching a metal section. The child must be VERY still for
this to work! The scale will show the child’s weight in pounds, followed by their body fat
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percentage. Record both on the data sheet and initial at the far right hand side of the data
sheet.
Note: if the scale isn’t reading the child’s weight/body fat (the child is wiggling, etc) just
use the procedure for the 4 year olds to get the child’s weight and record it on the data
collection sheet.
Send the child to pick out a toy. Give the clipboard with the data collection sheet back to
the staff in charge of the stadiometer so it is ready for the next child.
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